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DEFINING NASA’S MISSION AND AMERICA’S 
VISION FOR THE FUTURE OF SPACE EXPLO- 
RATION 


FRIDAY, MAY 9, 1997 

House of Representatives, 

Subcommittee on National Security, International 

Affairs, and Criminal Justice, 
Committee on Government Reform and Oversight, 

Washington, DC. 

The subcommittee met, pursuant to notice, at 8:30 a.m., at the 
Smithsonian Air and Space Museum, Sixth and Independence Ave- 
nue, Washington, DC, Hon. J. Dennis Hastert (chairman of the 
subcommittee) presiding. 

Present: Representatives Hastert, Sender, and Portman. 

Also present: Representative Weldon. 

Staff present: Robert Charles, staff director and chief counsel; 
and lanthe Saylor, clerk. 

Mr. Hastert. The hour of 8:30 having arrived, the Subcommittee 
on National Security, International Affairs, and Criminal Justice 
will come to order. 

Good morning and welcome. We have a very exciting hearing be- 
fore us today with some dedicated and thoughtful and generally ex- 
traordinary witnesses. Let me say on behalf of the entire sub- 
committee and all those assembled here, it’s a real privilege to 
have such a spectacular group of witnesses appearing before us 
today. So gentlemen, thank you very much for giving us your time. 
I want to thank everyone involved in making this hearing possible, 
especially the Smithsonian Institute of Air and Space Museum, 
NASA, and the special witnesses who sit before us this morning. 

I’m going to keep my opening statement brief this morning in 
deference to our distinguished panels. I do want to say a little bit 
about why we are having this hearing, why we are having it here 
in the space museum, and why the topic of space and exploration 
and NASA oversight is a matter of American importance. This na- 
tional security subcommittee is part of the Government Reform and 
Oversight Committee of the U.S. House of Representatives. As 
such, we share oversight responsibility over a number of national 
security issues and also over NASA. 

Let me say that the Science Committee in the U.S. House, under 
the chairmanship of Congressman Sensenbrenner, and the hard- 
working Space Subcommittee, chaired by Congressman Rohra- 
bacher, have been and continue to be exceptional leaders in the 
oversight of NASA. Their work is critical in defining NASA’s mis- 

( 1 ) 
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sion, keeping costs down, and keeping NASA on track — as a matter 
of fact, just passing out the authorization on NASA recently. 

We are trying to move forward through a series of hearings on 
NASA’s vision and America’s vision for the future. I believe we may 
be holding joint hearings on some of these topics, possibly with the 
Committee on Science. Let me talk about a vision for a moment. 
In a time of tight budgets, the American Congress and NASA must 
be ever-conscious of the costs and the benefits of investments 
made. We also must struggle to truly understand that there are 
benefits, short-term and long-term, direct and indirect, that come 
from affordable space science, human space exploration, space-re- 
lated technologies, aeronautical engineering breakthroughs and, 
really, the basic education and inspiration of our kids. 

These issues, so often forgotten in the public dialog, are a part 
of what has made this Nation great in the 1960’s and 1970’s. I can 
remember as a kid growing up in the 1950’s — I date myself — I 
think of the classic, the 1957 Chevrolet. Everybody remembers 
that. But as that car came out I also thought — I remember a lot 
of times standing out in the dark in the corn fields of Illinois, so 
to speak, watching Sputnik go over. 

And the inspiration and the push that that gave us as a country 
to excel, to move forward, to plan and to achieve. And that is some- 
thing that we can’t forget, we should not forget, and we should not 
let go of. I think certainly the cores of concerns surrounding the 
cold war was part of that. And as a Nation we didn’t flinch in the 
face of that mounting threat. We met the challenge. We got the job 
done. We set our eyes on the Moon, and getting Americans there 
safely and returning them back to Earth. 

And we recognized the importance of mastering space both to our 
national security and to our long-term future. Let me say that the 
Air and Space Museum has created a spell-binding display here. To 
our left — as I understand, this area will open shortly — the display 
which chronicles the United States-Soviet competition to get to the 
Moon and to master space also tells another story with long-term 
implications. It reveals the extraordinary level of cooperation that 
has characterized United States-Russian relations over the past 
decade, and the great hope for international cooperation in space 
that may lie ahead. 

And the ahead part of this is what I really want to focus on. In 
the late 1960’s and early 1970’s, as this Nation rushed to secure 
our future in the face of a looming national security threat, we also 
inspired the world. Not least, we inspired our young people. Young 
Americans swarmed to the study of math and science and engineer- 
ing. I think the impact on our youth is important. I wasn’t always 
in Congress. For many years — for 16 years, as a matter of fact, al- 
most two decades — I coached and I taught. And during that period 
of time I saw what American youth can do if we challenge it. 

During the 6 years that I spent in the Illinois legislature I helped 
to create a math and science academy, because I thought we had 
to challenge our very best children, our very best kids, and bring 
them in with our very best teachers so that they could excel. And 
we hope that some day those graduates of that math and science 
academy may be taking some of your places. Although those are big 
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shoes to fill, we have to create those types of people to he able to 
fill those shoes. 

In reference, just let me say that the personal computers that we 
all tap on every day, the microwave ovens, the plastics that pre- 
serve our food, the printed circuits, hundreds of medical advances, 
image technologies from MRI to the CAT scan and thousands of 
smaller technological advances, including aeronautical design, and 
advances that make commercial aviation safer, all can be directed 
directly to the space program. 

Let me say that I personally have a commitment to the study of 
math and science and to the study of space. I hope that we can 
produce those gifted kids, and those kids have a vision and a 
dream that they can begin to achieve some of the things that you 
have worked for and dreamed for also. I, today, would ask that be- 
hind us the lunar module mock-up — that’s in front of us today — the 
one that Mr. Aldrin and Neil Armstrong took to the Moon, the com- 
mand module mock-up, the same type that Mr. Aldrin and Walt 
flew, is over to our left. The Hubble space telescope, which Mr. 
Musgrave miraculously fixed on his historic space walk, one of his 
six space shuttle flights, is also over to our left. 

We are privileged to have these astronauts with us today here 
on our first panel. We are also privileged to have us with us the 
director of a movie that truly captured the Nation’s imagination 
and caused all of us to skip a few heartbeats from time to time. 
The film, which many of you have seen, is “Apollo 13,” which poign- 
antly retells the triumphant story of the explosion in outer space 
aboard our Moon-bound Apollo 13 flight, the flight that carried as- 
tronauts Jim Lovell, John Swigert, and Fred Haise. 

The movie is a gripping tale of death at the doorstep and disaster 
at the doorstep of the Apollo program. In speaking of astronauts 
they’d also say it’s one of the most realistic pieces that have prob- 
ably ever been produced for the American public. They brought 
those men home safely. And that’s what the story of Apollo 13 is 
all about. Ron Howard, we’re pleased to have you here with us 
today. This hearing is about the practical oversight of space devel- 
opment but also about the need for vision. As a Nation in Wash- 
ington, the Speaker of the House has spoken about this, and I look 
forward today to hearing our outstanding witnesses give their 
views on this crucial topic. At this time I’d like to ask Mr. Souder 
if he has any opening statement. 

[The prepared statement of Hon. J. Dennis Hastert follows:] 
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“Defining NASA’s Mission and America’s Vision for the Future of Space 
Exploration” 

May 9. 1997 


We have a very exciting hearing before us today, with some dedicated, thoughtful and 
genuinely extraordinary witnesses. Let me say. on behalf of the entire Subcommittee 
and all those assembled here, it is a real privilege to have such a spectacular group of 
witnesses appearing before us today. And. I want to thank everyone involved in making 
this hearing possible, especially the Smithsonian Institution's Air & Space Museum, 
NASA, and the special witnesses who sit before us this morning 

I will keep my opening brief this morning, in deference to our two distinguished panels - 
but I do want to say a little bit about why we are having this hearing, why we are having it 
here, and why the topics of space exploration and NASA oversight matter to America. 

This National Security Subcommittee is part of the Government Reform and Oversight 
Committee of the U.S. House of Representatives As such, we share oversight 
responsibility over a number of National Security issues, and also over NASA. Let me 
say that the Science Committee in the U.S. House, under the Chairmanship of 
Congressman Sensenbrenner, and the hard work of the Space Subcommittee, chaired 
by Congressman Rohrabacher, have been — and continue to be - exceptional leaders in 
the oversight of NASA, Their work is critical to defining NASA’s mission, keeping costs 
down, and keeping NASA on track. In fact, as we move forward through a series of 
hearings on NASA's vision, and America's vision for the future, I believe we may be 
holding jcmt hearings on some of these topics. 
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Let me talk about vision for a moment. In a time of tight budgets. America, Congress and 
NASA must be ever-conscious of the costs and benefits of investments made. But we 
must also struggle to truly understand the deep benefits -- short-term and long-term, 
direct and indirect - that come from affordable space science, human space exploration, 
space-related technologies, aeronautical engineering breakthroughs, and the basic 
education and inspiration of our kids. 

These issues, so often forgotten in the public dialogue, are part of what has made this 
nation great. In the 1960's and early 1970's, this nation responded to the call of a young 
president, and to the rising chorus of concern surrounding the Cold War. As a nation, we 
did not flinch, in the face of that mounting threat, instead, we set our eyes on the moon ~ 
getting Americans there safely and returning them to earth. We recognized the 
importance of mastering space, both to our national security and to our long-term future. 

Let me say that the Air & Space Museum has created a spellbinding display here, to our 
left, which I understand will open shortly. This display, which chronicles the U.S.-Soviet 
competition to get to the moon and to master space, also tells another story - with long- 
term implications. It reveals the extraordinary level of cooperation that has characterized 
U S. -Russian relations over the past decade, and the great hope for international 
cooperation in space that lies ahead. 

And the “ahead" part of all this is what I really want to focus on. In the late 1960's and 
early 1 970's, as this Nation rushed to secure our future in the face of a looming national 
security threat, we also inspired the world. Not least, we inspired young people. Young 
Americans swarmed to the study of math, science, and engineering. They thrilled to the 
discoveries, and were riveted as Buzz Aldrin and Neil Armstrong put their Lunar Module, 
the Eagle, safely on the surface of the moon - as Mike Collins orbited the moon and 
awaited their safe return. I remember those days and the impact that the Apollo program, 
beginning with the first successful human flight. Apollo 7, flown by Walt Cunningham, 
Wally Schirra and Oonn Eisele, had on our youth. I remember the impact on kids and on 
American education, because I wasn't always in Congress - I taught high school for 16 
years! This was an inspirational time, and today, we are living - in part - off the benefits 
of that extraordinary national commitment to the sciences, to space and to the future. 

For reference, let me just say that the personal computers we all tap on every day, the 
microwave ovens, the plastics that preserve our food, the printed circuits, hundreds of 
medical advances, imaging technologies from the MRI to the CATSCAN, and thousands 
of smaller technological advances - including aeronautical design advances that make 
commercial aviation safer and safer - all can be traced directly to the space program. 
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Today, \ffe are' not drawing kids to this mission or to math and the sciences and 
engineering the way we did in the late 19603 and 1970s, and one reason is the diffusion 
and lack of vision that we, as a nation, have allowed ourselves to drift into when it comes 
to space, space science and space exploration. We need to get back to those basics, 
and remember that benefits often come after hard work and long-term investment. 

What we need to remember is that the generations which follow us must have the benefit 
of OUR inspiration - just as we had the benefit of witnessing the courage and dedication, 
bravery and inspiration of great scientists, engineers and astronauts in the decades that 
have brought us to this point. Let me say that I personally have a commitment to the 
study of math and science. In Illinois, when I served in the state legislature, I helped 
found a special academy for the study of math and science by truly gifted kids: someday, 

I hope that we have some graduate of that program designing new life support or 
propulsion systems, finding a cure for cancer, or giving the world some other new 
advance . But whether that happens or not, the important thing is that we must get back 
on track with education, and the space program has always been an engine for that end. 

Today, fittingly, the Lunar Module mock-up is directly in front of us today - the one Buzz 
Aldrin and Neil Armstrong took to the moon. The Command module mock-up - the 
same type that Buzz and Walt flew in - is over to our left. The Hubble Space telescope - 
which Story Musgrave miraculously fixed on his historic space walk, on one of his six 
Space Shuttle flights, is over here to our left also. We are privileged to have these three 
astronauts with us here today on the first panel. 

We are also privileged to have with us the Director of a movie that truly captured the 
nation's imagination - and caused us all to skip a few heart beats. The film, which many 
of you will have seen, is Apollo 13, which poignantly retells the triumphant story of an 
explosion in outer space aboard our moon-bound /^ollo 13 flight - a tight that carried 
astronauts Jim Lovell, John Swigert, and Fred Haise. The movie is a gripping tale about 
death at the doorstep, and disaster at the doorstep of the Apollo program - but also 
about how NASA, wHh its dedicated and brilliant engineers, those three astronauts, and a 
nation - rose to the challenge and got those men back home safely. In many ways. 
Apollo 13 is an epic story - of near tragedy and heroic acts. And Ron Howard’s 
masterful work is an epic film. 

So let me stop here and say this in closing. This hearing is about the practical benefits of 
getting back into space in a big way - the economic and environmental aspects of clean 
solar energy from space, the engine of economic growth that lies waiting for us in space- 
related commercial development, the technologies and medical breakthroughs that so 
few know about, and the legacy of exploration we will leave for our children. This hearing 
is about the practical oversight of space development, but also about the need for vision - 
- as a nation and in Washington. The Speaker of the House has spoken about this, and I 
look fonivard today to hearing our outstanding witnesses give their views on this crucial 
topic. 
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Mr. Hastert. Mr. Portman. 

Mr. Portman. No. 

Mr. Hastert. Also with us today — we welcome and are very 
pleased to have with us Dr. Weldon, who represents the Kennedy 
Space Center. And I know, Doctor, you have an opening statement. 

Mr. Weldon. Mr. Chairman and members of the subcommittee, 
I want to thank you for allowing me to appear with you today. And 
Chairman Hastert, I want to thank you for calling this hearing and 
applaud your efforts to give NASA a greater visibility on Capitol 
Hill and with the public. I also want to thank our very distin- 
guished panelists for taking time from their very busy schedules to 
be here today. 

I know each of you in many ways are probably busier than Con- 
gressmen, so it’s especially a pleasure to have all of you here and 
take the time out to make the statement in your support of our Na- 
tion’s space program. The space coast, which makes up most of my 
Florida district, includes NASA’s Kennedy Space Center, home to 
our Nation’s space shuttle fleet, and the launch site for all U.S. 
manned missions. It adjoins Cape Canaveral Air Station, which 
hosts most of our Nation’s commercial and military space launches 
as well as adjoining Patrick Air Force Base, which is home to the 
U.S. Air Force’s 45th Space Wing. 

So a love and interest for all things related to space runs through 
my congressional district. And I have been an outspoken proponent 
for NASA and our Nation’s space efforts. The people of the space 
program, along with everyone else in our Nation, sit captivated 
every time we have a launch from Florida. Every year hundreds of 
thousands of people from across our country and around the world 
line central Florida’s highways and viewing areas to see the space 
shuttle lift off. The space program motivates our children and in- 
spires scientists, engineers, and explorers who constantly probe the 
unknown secrets of our world and the universe. 

And despite some recent difficulties, NASA is still a symbol of 
our Nation’s preeminent position as a scientific leader in the world. 
NASA is making important investments in such programs as the 
international space station, the next generation reusable launch ve- 
hicle, which will help the IJ.S. regain market shares of commercial 
launches. And NASA is leading the way in search of planets out- 
side our solar system and other scientific endeavors that probe the 
boundaries of our scientific, medical, and engineering knowledge. 

As vice chairman of the Space Subcommittee, I am committed to 
assuring NASA has the resources it needs to move forward with its 
mission. We must continue to invest in the space station despite 
some recent difficulties. And we must continue to safely and effi- 
ciently fly the space shuttle fleet. And we must foster the develop- 
ment of reusable launch vehicles which promise to dramatically 
lower the cost of getting into orbit. 

However, we must also balance our human space flight program 
with a robust and ambitious science and unmanned exploration 
program. I sat transfixed with the rest of the world in the summer 
of 1994 when Jupiter was bombarded by the Schumacher-Levi 
comet, bringing the tiny dimensions of our world into the universal 
perspective. I anxiously await the data and pictures that our re- 
cently launched probe to Mars will bring, as well as the fascinating 
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story that should emerge from our mission to Saturn later this 
year. 

So we need to have a balanced program. Automated probes and 
robots can serve us well in the initial phases of exploration and to 
explore where humans may never be able to go. But in order to 
truly get a sense of the alien world, we have to be there to touch 
it and feel it. I support a return to the Moon, maybe to stay this 
time, and a mission to Mars. Technically, we can do these things 
now. But we must find the political and economic will to make it 
happen. We must also foster our commercial space sector. 

I firmly believe the future of space exploration will depend in a 
large part on the private sector’s role. And I want to give every 
business an opportunity to use space as an economic resource. We 
need to take a hard look at how the Federal Government interacts 
with our commercial space community, and make sure we are not 
hindering their growth potential. 

Finally, I would like to make a point that is very often over- 
looked in our annual debate on the space program. I support the 
space program for a variety of reasons, among them the scientific 
and medical benefits as well as economic growth, international 
competitiveness, and a stepping stone to future human exploration 
of the solar system. However, I also strongly believe that our civili- 
zation’s future lies in space. As you look through history, civiliza- 
tions that cease to explore and expand their technological frontiers 
cease to exist. They may choose not to expand and explore for a va- 
riety of reasons, but the end result is the same: the civilization 
stagnates and becomes a part of history. Our Nation and in fact 
our world is at such a threshold. In space lies the future of the 
human race. And to turn away from that challenge now could set 
us back as much as a century or perhaps more. Of course, if we 
stopped exploring space tomorrow, we probably wouldn’t feel the 
immediate impact. It would come to our children and to our grand- 
children, who would lose the drive to explore. And with that would 
be lost the historic opportunity of our Nation. Mr. Chairman, thank 
you again for calling this hearing and allowing me to join you 
today. I hope this can begin a fruitful dialog of the future of our 
Nation’s space program. I look forward to the testimony of the pan- 
elists and I thank them for joining us today. 

[The prepared statement of Hon. David Weldon follows:] 



9 


Opening Statement of 

The Honorable Dave Weldon 
Vice Chairman, Subcommittee on Space and Aeronautics 
Committee on Science 

before the 

Subcommittee on National Security, International Affairs, and Criminal Justice 
Committee on Government Reform and Oversight 
U.S. House of Representatives 

“NASA and the Future of Space Exploration” 

May 9, 1997 

Mr. Chairman, Members of the Subcommittee, i want to thank you for allowing me to 
appear with you today. Chairman Hastert, I want to thank you for calhng this hearing and applaud 
your efforts to give NASA greater visibility on Capitol Hill and with the public. I also want to 
thank our very distinguished panelists for taking the time to appear today. I know that each of you 
has an incredibly busy schedule - - probably even busier than a Congressman’s - - so your 
appearance here to talk about a very important subject is deeply appreciated. 

The Space Coast - - which makes up most of my Florida Congressional district - - includes 
NASA’s Kennedy Space Center, home to our nation’s Space Shuttle fleet and the launch site for all 
U.S. manned space missions. It adjoins Cape Canaveral Air Station, which hosts most of the 
nation’s commercial and military space launches, and Patrick Air Force Base, which is home to the 
U.S. Air Force’s 45th Space Wing. 

So a love and an interest in all things space runs throughout my Congressional district, and 
I have been an outspoken proponent of NASA and our nation’s space effort in every area. The 
people of the Space Coast, along with everyone else in the nation, sit captivated every time we 
have a launch from the Cape, Every year hundreds of thousands of people from across the country 
and around the world line Central Florida’s highways and viewing areas to see the Space Shuttle 
liftoff. 'The space program motivates our children and inspires scientists, engineers, and explorers 
who constantly probe the unknown secrets of our world and the universe. And despite some 
recent difficulties, NASA is still a symbol of our nation’s preeminent position as a scientific leader 
in the world. 

NASA Is making important investments in such programs as the International Space 
Station, the next-generation Reusable Launch Vehicle - - which will help the U.S. regain market 
shares of commercial launches - - a search for planets outside our solar system, and other scientific 
endeavors that probe the boundaries of our scientific, medical, and engineering knowledge. 

As Vice Chairman of the Space Subcommittee, I am committed to ensuring NASA has the 
resources it needs to moved forward with its mission. We must continue to invest in the Space 
Station, despite current difficulties, and we must continue to safely and efficiently fly the Space 
Shuttle fleet. And we must foster the development of reusable launch vehicles, which promise to 
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dtamalically lower the cost of getting to orbit 

However, we must also balance our human space flight program with a robust and 
ambitious science and unmanned exploration program. I sat transfixed with the test of the world in 
the summer of 1994 when Jupiter was bombarded by the Shoemaker-Levy comet - - bringing the 
tiny dimensions of our world into universal perspective. I anxiously await the data and pictures 
that our recently launched probe to Mars will bring, as well as the fascinating story that should 
emerge from our mission to Saturn later this year. 

So we need to have a balanced program. Automated probes and robots can serve us well in 
the initial phases of exploration, and to explore where humans will never be able to go, but in order 
to truly get a sense of an alien world, we have to be there, to touch it, to feel it, 1 support a return 
to the Moon - - to stay, this time - - and a mission to Mars. Technically, we can do those tilings 
now, but we must find the political and economic will to make it happen. 

We must also foster our commercial space sector. 1 firmly beheve the future of space 
exploration will depend, in large part, on the private sector’s role, and I want to give every 
business an opportunity to use space as an economic resource. We need to take a hard look at how 
the federal government interacts with our commercial space community, and make sure we are not 
hindering their growth potential. 

Finally, I would like to make a point that is very often overlooked in our annual debate on 
the space program. 1 support the space program for a variety of reasons, among them scientific 
and medical benefits, economic growth and international competitiveness, and as a stepping stone 
to future human exploration of the solar system. However, I also strongly believe that our 
civilization’s future lies in space. As you look through history, civilizations that cease to explore 
and expand their technological frontiers cease to exist They may choose not to expand and 
explore for a variety of reasons, but the end result is the same: the civilization stagnates and 
becomes a part of history. 

Our nation, and in fact our world, is at such a threshold. In space lies the future of the 
human race, and to turn away from that challenge now could set us back as much as a century, 
perhaps more. Of course, if we stopped exploring space tomorrow we probably wouldn’t feel the 
impact immediately. It would be our children, and their children, who would lose the drive to 
explore, and with them would be lost a historic opportunity for our nation. 

Mr. Chairman, thank you again for calling this hearing and allowing me to join you today. 

I hope this can begin a fruitful dialogue of the future of our nation’s space program, and I look 
forward to the testimony of our two panels of very distinguished witnesses today. Thank you, 

- - end - - 


U.S. RepresentaUve Dave Weldon 
"NASA and the Future of Space Explorauon” 
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Mr. Hastert. Dr. Weldon, we certainly appreciate you being here 
today and your opening statement. Let me add that Tom Barrett, 
our ranking member from Wisconsin, was very supportive of this 
hearing, and was not able to make it for personal reasons back in 
his district. If I may. I’d ask our first panel to stand to be sworn 
in before I formally introduce each of you in turn. 

[Witnesses sworn.] 

Mr. Hastert. Let the record show that the witnesses responded 
in the affirmative. Please sit down. Now I’d like to formally wel- 
come our first panel. Of course. Dr. Buzz Aldrin is a man who 
needs no introduction. All of you know that he piloted the lunar 
module on Apollo 11, the first manned mission to the Moon. And 
he is one of the first men to walk on the Moon. You may also know 
that Dr. Aldrin was already a war hero before he ever became an 
astronaut, having flown 66 combat missions in Korea. Also, Dr. 
Aldrin is a scholar who earned a Ph.D. from MIT for his scientific 
work on space flight. 

Mr. Walt Cunningham was a Marine fighter pilot before coming 
to the astronauts. He flew the Apollo 7, which was the first 
manned Apollo mission, in 1968. Since then he has built a career 
as an extremely successful businessman, engineer, and civic leader. 
We thank you for being with us here today. Mr. Ron Howard, of 
course, is a well-known actor and movie director who directed the 
award-winning film, “Apollo 13,” along with many other Hollywood 
blockbusters which I’m sure we’ve all seen. 

And last, but certainly not least. Dr. Story Musgrave is the astro- 
naut who accomplished the daring and successful repair in space 
of the Hubble telescope. He has flown numerous missions on the 
space shuttle and has earned academic honors for his work in aero- 
space, medicine and physiology. We thank you all for coming. Dr. 
Aldrin, please proceed with you, and be followed by Mr. Cunning- 
ham and Mr. Howard and Mr. Musgrave. Thank you very much. 

STATEMENTS OF BUZZ ALDRIN, ASTRONAUT, APOLLO 11; WAL- 
TER CUNNINGHAM, ASTRONAUT, APOLLO 7; RON HOWARD, 

DIRECTOR, “APOLLO 13”; AND STORY MUSGRAVE, ASTRO- 
NAUT AND SCIENTIST 

Mr. Aldrin. Thank you very much. Mr. Chairman, Members of 
Congress, it’s a great pleasure for me to be here today. As you 
know, I have more than a passing interest in space. And I appre- 
ciate the chance to say a few words about the possibilities that 
await this Nation, especially if we make the right choices. I also 
want to the thank the Air and Space Museum, which has really 
outdone themselves by allowing this first ever hearing in this great 
hall. 

It’s been nearly 30 years since Neil and I walked on the Moon, 
yet that day is as vivid to me as I know it is to many of you. It 
was historic in its meaning for all mankind since it was an achieve- 
ment that Americans and all mankind shared in and continues 
today. There were a few risks, of course. When we finally set the 
lunar module down, with Neil piloting and me calling out the num- 
ber for him, on July 20, 1969, we had only an estimated 16 seconds 
of fuel left in the descent stage. 
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On the surface if we had fallen and a suit ripped, there wasn’t 
much chance of surviving that. If the one ascent engine didn’t fire 
or the computers on board malfunctioned, we would never have left 
the Moon. If the rendezvous with Mike Collins in the command 
module hadn’t gone flawlessly there were other rather unsavory 
consequences. But the mission was built on the know-how and 
knowledge of thousands of dedicated Americans. 

It was also built on faith and a national commitment. I was for- 
tunate and proud to have been chosen for Apollo 11. And I’m here 
to give back to a Nation that gave me an unparalleled opportunity: 
the chance to land and walk on the Moon, and to be the first mis- 
sion ever to do so, and then to continue to carry a message of en- 
couragement for an ever-better future in space. 

My message today is also a call for action, a call to all Ameri- 
cans, especially young Americans, to reach out for the stars, reach 
for greater knowledge, have faith in the future, and help re-inspire 
a renewed national commitment to human space exploration. First 
I want to talk a moment about space and about those three words: 
knowledge, faith and commitment. Then briefly I want to touch on 
five specific aspects of space flight that beckon us as a Nation. 

My chief message is this: America must dream, have the faith to 
achieve the dream, and develop the fullest possible knowledge of 
the possibilities that await us. Even the best trained and the 
brightest engineers, scientists, business people and political lead- 
ers, if they have no vision, are mere place holders in time. We must 
dare again to take risks as a Nation. And we must see again that 
this generation of Americans — those alive today — have at their fin- 
gertips the technology and the recent history necessary to trigger 
a cascade of vast new discoveries for this living generation and 
those that will follow. 

Some would say that we have an obligation to use the talents 
and insights that we’ve been given. Those of us who can remember 
the power and majesty of the Apollo program’s accomplishment, let 
me say as I sit here before you today, having walked on the Moon, 
that I am, myself, still awed by that miracle. And I can still re- 
member the feeling of exhilaration as I look here at the lunar mod- 
ule behind me — I recall backing down that ladder to the lunar sur- 
face. But that awe in me and each of us were what this Nation and 
people can bring forth when we try, should be, must be the engine 
of future achievement, not the slow, dimming light from a time 
once bright. 

It’s not the obligation, however, that I wish most to talk about. 
It’s the vision, the faith in brilliant opportunities that await us. 
These are what bring me here today. In a book that Neil Arm- 
strong, Mike Collins and I wrote in 1970 called “First on the Moon, 
“Arthur Clarke offered a truly visionary epilogue. Clarke made a 
number of predictions. Some of those predictions, like the emer- 
gence of this space shuttle, reduced payload cost to space, and a 
satellite-driven communications network as well as other break- 
through technologies, have come true. Others, including routine 
commercial flight to and from space, space tourism, settlements on 
the Moon by the early 2000’s and human exploration of Mars in 
our lifetimes are yet to be realized. 
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But each of these advances requires three things: knowledge, 
faith, and commitment. Knowledge that we can achieve these feats 
for all mankind, faith in ourselves, in things larger than ourselves, 
and in the importance to mankind, that we use the opportunities 
at our fingertips, and a new found national commitment to do what 
God has given us the power to do. In short. I’m here today to issue 
a call for national action. 

This is an incredible, uncontainable country: America. We have 
the power in our national consciousness to dream as few dare to 
dream, and the power in our national talent pool and convictions 
to make come true that which we dare to dream. I’m here to say, 
let the race begin. Let us reawaken America to the power of a com- 
pelling dream. And the ability with determination to achieve that 
dream. And what is the dream of which I am talking? It’s John F. 
Kennedy’s dream: to reach the Moon and beyond. 

Written in giant letters, giant new steps and leaps. As Kennedy 
so powerfully said, “We do not do these things because they are 
easy, but because they are hard.” Yes, this is the dream of Arthur 
Clarke, but also of America’s most forward-looking engineers, her 
proud and growing astronaut corps, and NASA’s gifted leadership 
of men and women. Lighting our way is the legacy left by past 
greats, names like Wernher Von Braun, Gerry O’Neill, Thomas 
Paine, and Carl Sagan. 

It’s the dream of those great and dedicated men and women who 
were a part of Apollo. But it’s also the dream of 1,000 budding 
American entrepreneurs, who are, at this very moment, laboring to 
make space flight safe, economical and no less routine than trans- 
continental air flight. These are men and women of America’s pri- 
vate sector. Expanding space flight was Robert Goddard’s dream, 
and the dream of those who made possible Mercury, Gemini, Apollo 
and the shuttle. And there is more. 

The inspiration I want us to willingly embrace today, again, is 
common to all Americans and all humanity. I know many of you 
felt it because I’ve spoken with you. I think those political leaders 
who feel this inspiration are in sync with America’s heartland and 
with our future. America and her fascination with space is again 
alive, and we’re on the verge of moving again, moving as a Nation, 
moving the tectonic plates of historic achievement. 

I would beckon you to let yourselves dream again. And you may 
yet hear what I hear ricocheting about the American public: excite- 
ment and a willingness to take risks again. Behind that excitement 
and willingness — a slow, growing call for renewed action. Last 
month Americans were thrilled to the appearance of the comet 
Hale-Bopp. They were riveted by a reliving of Apollo 13’s mission. 
And let me say here, Ron Howard did a magnificent job in pro- 
ducing that movie, keeping it faithful to the facts. And Americans 
were even thrilled by memories brought to the surface by when the 
Star Wars trilogy was re-released earlier this year. 

Last month, we also learned that one of Jupiter’s moons — Eu- 
rope — also appears to have an ocean greater in volume than our 
own and a hot center. And the implications of that discovery are 
far from small. Yet most Americans don’t yet know the best of it. 
We have within our grasp the technology to get everyday citizens 
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into space routinely and safely for the thrill of a once in a lifetime 
ride and adventure. 

We also have the technology to cost-effectively return to the 
Moon again. We’re even at the threshold of being able to affordably 
get to Mars with manned missions. And I’m helping NASA and 
Houston to chart an evolutionary strategy for Mars with very 
promising, long range sustainability. Let me say this: every Amer- 
ican whose heart beats faster at the news of possible water on the 
Moon or possible life on Mars or when they hear of an affordable 
lottery ticket into space for the fun of it, or the chance to safely 
visit orbiting space resorts: a trip that will soon be no less safe 
than driving cross-country to see the Nation’s marvelous Air and 
Space Museum. 

These Americans know what I’m talking about. So I say let us 
join together as a Nation undivided, and reawaken these wonderful 
and achievable dreams. Let us dare to think about the future. Let’s 
talk again about a permanent presence on the Moon and sustained 
interplanetary travel with all it’s discoveries. Let’s draw up the 
plans and let’s begin the investment. These events are achievable. 
And perhaps, if you look closely at the largely unknown advances 
we’ve made since Apollo 11, even within our lifetime. 

Let’s think again as we did in the 1960’s as a great and ambi- 
tious Nation remembering cost efficiencies, but having faith and a 
renewed commitment to explore and experience space and its rich- 
ness. Today we have the knowledge and technology to tap unlim- 
ited energy potential in near Earth space and unimaginable re- 
source potential beyond. Indeed, last week was historic for 
Congress’s balanced budget success. And I congratulate Congress 
with the vision that it took to achieve that success. 

But imagine having space-based solar energy assets and space- 
based resources that truly keep this planet pollution free and make 
budget deficits literally unthinkable by their shear richness. That’s 
what awaits us if we make the right investments. The future I al- 
lude to has yet to be built. But all this is not fiction. It’s very close 
to being fact. A clean, green, non-polluted Earth drawing on abun- 
dant space-tapped energy from our Sun, passenger travel to and 
from space for commercial and adventure activity, the step by step 
advance to Mars, even low-cost cycling missions to and from that 
planet and then beyond. 

All these goals are worth pursuing and well within our grasp. 
Once more, they will reenergize this Nation, and if Apollo is any 
example, spur rippling economic growth. You know the Apollo pro- 
gram’s miraculous achievements were built on a dream by this Na- 
tion’s leaders and our people. Let us take stock of ourselves and 
our place in history of mankind. And let us not be timid or content 
to rest on our laurels. Already a generation has passed since we 
walked on the Moon. I will say it again, and pray, as I did when 
we sat on the Moon, that we can start this engine. 

Greatness requires knowledge, faith and commitment. The in- 
vestment in public determination to reawaken the dream will start 
here with Congress and today’s leaders. Before closing I want to 
touch on several specifics. And on questioning I’ll gladly go into 
more detail. 
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First, refinding the inspiration that we had in Apollo and that 
the entire Nation had. Reawakening the dream is vital for Amer- 
ica’s children; for your children and my children. I need only note 
that America’s children flocked to math and science in the era of 
Apollo, both during and after those historic missions. Since then 
there has been a clear erosion of our inspiration and fascination, 
the curiosity and the calling of science, and especially the countless 
sciences tied to space and space flight. 

We can and must re-inspire our children. We live through his- 
toric achievement based on well trained minds. They should have 
that experience. And their generation should have the reservoir of 
that training for their sake and the Nation’s. 

Second, I think we have to get serious about investing in the best 
next generation reusable space transportation options. There are 
several options. And they’re all worth study and investment. One 
I’ll briefly allude to, however, is the so-called Star Booster two- 
stage deliverer. The common sense of this approach and the eco- 
nomical nature of the investment cannot be oversold. And I’ll glad- 
ly get into more of this on questioning or after. 

Third, I cannot stress the nearness and excitement that sur- 
rounds giving every American a real shot at getting into space safe- 
ly and for the pleasure of that experience. I call it the drive for 
space tourism because that’s what it is. The investments are al- 
ready being made. And we need chiefly to support them with com- 
plementary efforts at NASA and a general reduction in outdated 
regulations restricting private sector rocketry and space explo- 
ration. 

Fourth, we must again look seriously at and invest in tech- 
nologies which support, both at NASA and in the private sector, 
manned missions and a permanent presence on the Moon. There 
are endless spinoff and commercial development arguments for this 
investment. But the one argument that I feel is most compelling 
is, the mission is larger than ourselves. We were called together as 
a Nation and as a species by the Apollo missions to the Moon. And 
there is simply no measure of the good that these explorations 
brought to us all, not least by bringing the global community closer 
together. 

Finally, the importance of now seriously looking at and investing 
in manned missions to Mars leading toward permanent sustain- 
ability there could not be greater. The time is upon us to move into 
the investment stage and to look at making practical the tech- 
nologies that we know have, but could only have dreamed of in the 
1970’s. We can do this. And we must free the private sector from 
regulations that hamper the sort of experimentation that will make 
this a reality. Even as we support NASA’s research and develop- 
ment we must reach out and do what we’re able to do. And we can 
do this within our lifetimes. 

In closing, let me say that space is our final frontier. And that 
frontiers are essential for the advance of humanity and for advance 
of individuals within the community of man. Our children will 
thrill to the achievements we set forth to achieve, and we can 
achieve them if we are willing to dream, to embrace the knowledge, 
faith and commitment, and to relight that engine which will take 
us all first into space, then to the Moon and Mars, and, finally, to 
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the stars. As I like to say with my feet firmly on the ground, on 
Earth today, as surely as they were on the Moon nearly 30 years 
ago, let’s join together and shoot for the stars, ad astra. Thank you, 
Mr. Chairman. 

[The prepared statement of Mr. Aldrin follows:] 
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TESTIMONY OF BUZZ ALDRIH, 

LUMAB MODULE PILOT. A POLLO 11 

Mr. Chaiman, Menbers of Congress and others. It Is a great 
privilege to have been called here today. As you know, I have 
Bore than a passing Interest in space, and I appreciate the 
chance to say a few words about the possibilities that await this 
nation — especially if we Bake the right choices — I also want 
to thank the Air t Space MuseuB, which has really outdone 
theBselves by allowing this first-ever hearing in this great 
hall. 


It has been nearly thirty years since Nell and I walked on 
the Boon. Yet that day is as vivid to Be as I know it is to nany 
of you. It was historic, and it's Beaning for all Bankind — 
since it was an achieveBent that ABericans and all Bankind shared 
in — continues today. 

There were a few risks, of course. When we finally set the 
lunar Bodule down — with Neil piloting and Be calling the 
numbers — on July 20, 1969, we had only an estiBated 16 seconds 
of fuel left for descent. If we fell, and a suit ripped, there 
wasn't much chance of surviving that. If the one ascent engine 
didn't fire, or the computers on board malfunctioned, we would 
never have left the moon. If the rendezvous with Mike Collins in 
the Command Module hadn't gone flawlessly, there were other 
rather unsavory consequences. But the mission was built on the 
know-how and knowledge of thousands of dedicated Americans; it 
was also built on faith and a national commitment. 

I was fortunate and proud to be chosen for Apollo 11, and I 
am here to give back what I can to a nation that gave me an 
unparalleled opportunity — the chance to land and walk on the 
moon — and to be the first mission ever to do so, and then to 
continue to carry a message of encouragement for an ever-better 
future in space. 

My message today, is also a call to action — a call to all 
Americans — especially young Americans — to reach out for the 
stars, reach for greater knowledge, have faith in the future, and 
help re-inspire a renewed national commitment to human space 
exploration. 

First, I want to talk a moment about space and about those 
three words — knowledge, faith and commitment. Then, briefly, I 
want to touch on five specific aspects of space flight that 
beckon us, as a nation. 

My chief message is this; America must again dream, have the 
faith to achieve the dream, and develop the fullest possible 
knowledge of the possibilities that await. 

Even the best trained and brightest engineers, 
scientists, business people, and political leaders — if they 
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have no vision — are mere placeholders in time. We must dare 
again to take risks as a nation, and we must see again that this 
generation of Americans — those alive today — have at their 
fingertips the technology and recent history necessary to trigger 

a cascade of vast new discoveries for this living generation 

and those that will follow. 

Some would say that we have an obligation to use the 
talents and insights we have been given — those of us who 

can remember the power and majesty of the Apollo program's 
accomplishments. Let me say, as I sit here before you today — 
having walked on the moon — that I am myself still awed by that 
miracle. And I can still remember the feeling of exhilaration as 
I look here at the Lunar Module behind me, and recall backing 
down that ladder to the lunar surface [motion toward LEM] . But 
that awe — in me and in each of us — for what this nation and 
people can bring forth when we try, should be — must be — the 
engine of future achievement, not a slow-dimming light from a 
time once bright. 

It is not the obligation, however, that 1 wish most to talk 
about. It is the vision — the faith and brilliant opportunities 
that await us. These are what bring me here today. 

In a book that Neil Armstrong, Mike Collins and I wrote in 
1970, called First on the Moon . Arthur Clarke offered a truly 
visionary epilogue. 

Clarke made a number of predictions. Some of those 
predictions, like the emergence of the Space Shuttle, reduced 
payload costs to space, and a satellite-driven communications 
network, as well as other breakthrough technologies, have come 
true. 


Others — including routine commercial flight to and from 
space, space tourism, settlements on the moon by the early 
2000'E, and human exploration of Mars in our lifetimes — eure yet 
to be realized. 

But each of these advances requires three things - 
knowledge, faith and commitment. Knowledge that we can achieve 
these feats for all mankind, faith in ourselves, in things larger 
than ourselves and in the importance to mankind that we use the 
opportunities at our fingertips, and a new-found national 
commitment to do what God has given us the power to do. 

In short, I am here today to issue a call for 
national action. This is an incredible, uncontainable country — 
America. We have the power in our national consciousness to 
dream as few dare to dream, and the power in our national talent 
pool and convictions to make come true that which we dare to 
dream. I am here to say: Let the race begin. Let us reawaken 
America to the power of a compelling dream, and the ability — 
with determination — to achieve that dream. 
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And what Is the dream of which I am talking? It is John F. 
Kennedy's dream — to reach the moon and beyond — written in 
giant letters, new giant leaps. As Kennedy so powerfully said, 
"we do not do these things because they are easy, but because 
they are hard." Yes, this is the dream of Arthur Clarke, but 
also of America's most forward-looking engineers. Her proud and 
growing astronaut corps, and NASA's gifted leadership and men and 
women. Lighting our way is the Legacy left by past greats, names 
like Wernher von Braun, Gerry O'Neill, Thomas Paine, and Carl 
Sagan. 

It is the dream of those great and dedicated men and women 
who were a part of Apollo. But is it also the dream of a 
thousand budding American entrepreneurs, who are — at this very 
moment — laboring to make space flight safe, economical and no 
less routine than transcontinental air flight. These are men and 
women of America's private sector. Expanding space flight was 
Robert Goddard's dream, and the dream of those who made possible 
Mercury, Gemini, Apollo and the Shuttle. 

And there is more. The inspiration I want us to 
willingly embrace again is common to all Americans, and all 
humanity. I know many of you feel it, because I have spoken with 
you. I think those political leaders who feel this inspiration 
are in sync with America's heartland - and with our future. 

America, and Her fascination with space is again 
alive, and we are on the verge of moving again — moving as a 
Nation, moving the tectonic plates of historic achievement. 

I would beckon you to let yourselves dream again, and you 
may yet hear what 1 hear ricochetting about the American public: 
Excitement and a willingness to take risks again — behind that 
excitement and willingness, a slow-growing call for renewed 
action. 

Last month, Americans were thrilled to the appearance of the 
Comet Hale-Bopp . . . They were riveted by a re-living of Apollo 
13 's mission — and let me say, here, Ron Howard did a splendid 
job producing that movie, keeping it faithful to the facts ... 

And Americans were even thrilled by memories brought to the 
surface when the Star Mars trilogy was re-released earlier this 
year . 


Last month, we also learned that one of Jupiter's moons, 
Eurpoa, appears to have an ocean greater in volume than our own, 
and a’ hot center — the implications of that discovery are far 
from small. 

Yet, most Americans don't yet know the best of it — we have 
within our grasp the technology tog et everyday citizens into 
space routinely and safely for the thrill of a once in a lifetime 
rise and adventure. We also have the technology to cost- 
effectively return to the noon again. He are even at the 
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threshold of being able to affordably get to Mars with manned 
missions, and I am helping NASA in Houston to chart an 
evolutionary strategy for Mars, with very promising, long-range 
sustainability. 

Let me say this: Every American whose heart beats faster at 
the news of possible water on the moon, or possible life on Mars, 
or when they hear of an affordable lottery ticket into space for 
the fun of it, or the chance to safely visit orbiting space 
resorts — a trip that will soon be no less safe than driving 
cross country to see the Nation's marvelous Air <i Space Museum — 
these Americans know what I am talking about. So, I say, let us 
join together again, as a Nation undivided, and re-awaken these 
wonderful and achievable dreams. 

Let's dare to think about the future. Let's talk again 
about a permanent presence of the moon, and sustained inter- 
planetary travel with all its discoveries. Let's draw up the 
plans, and let's begin the Investment. These events are 
achievable — and perhaps, if you look closely at the largely 
unknown advances we have made since Apollo 11, even within nnr 
own lifetimes. 

Let's think again as we did in the 1960s — as a great and 
ambitious nation, remembering cost-efficiencies, but having faith 
and a renewed commitment to explore and experience space and its 
richness. 

Today, we have the knowledge and technology to tap unlimited 
energy potential in near-earth space and unimaginable resource 
potential beyond. Indeed, last week was historic for Congress' 
balanced budget success — and I congratulate Congress for the 
vision it took to achieve that success — but imagine having 
space-based solar energy assets and space-based resources that 
truly keep this planet pollution-free and make budget deficits 
literally unthinkable — by their sheer richness. That's what 
awaits us, if we make the right investments. 

The future I allude to has yet to be built. But all this is 
not fiction; it is very close to being fact — a clean, green, 
non-polluted earth drawing on abundant, space-tapped energy from 
our sun , . . passenger travel to and from space for commercial and 
adventure activity . . . the step-by-step advance to Mars, even 
low-cost cycling missions to and from that planet, and then 
beyond. A1 these goals are worth pursuing, and well within our 
grasp. What is more, they will re-energize this nation, and -.- 
if Apollo is any example — spur rippling economic growth. 

You know, the Apollo program's miraculous achievements were 
built on a dream by this Nation's leaders and our people. Let us 
take stock of ourselves and our place in the history of mankind 
— and let us not be timid or content to rest on our laurels. 
Already, a generation has passed since we walked on the moon. 
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I will say it again, and pray — as I did when we sat on the 
Boon — that we can start this engine . Greatness requires 
knowledge, faith and coninitiRent. The investment and public 
determination to get re~awaken the dream will start here, with 
Congress and today's leaders. 

Before closing, I want to touch on several specifics. On 
questioning, I will gladly go into more detail on each. 

First, re-finding the inspiration that we had in Apollo, and 
that the entire Nation had — re-awakening the dream — is vital 
for America's children, for your children and my children. I 
need only note that America's children flocked to math and 
sciences in the era of Apollo, both during and after those 
historic missions. 

Since then, there has been a clear erosion of the 
inspiration and fascination, the curiosity and calling, of 
science — and especially the countless sciences tied to space 
and space flight. We can and must re-inspire our children. We 
lived through historic achievements, based on well-trained minds; 
they should have that e)cperience and their generation should have 
the reservoir of that training, for their sake and the Nation's. 

Second, I think we have to get serious about investing in 
the best possible next-generation reusable space transportation 
options. There are several options, and they are all worth study 
and investment. One I will briefly allude to, however, is the 
so-called Star Booster. The common sense of this approach, and 
the economical nature of the investment cannot be oversold. And 
I will gladly get more into this on questioning. 

Third, I cannot stress the nearness and excitement that 
surrounds giving every American a real shot at getting into space 
safely and for the pleasure of that experience. I call it the 
drive for space tourism, because that is what it is. The 
investments are already being made, and we need chiefly to 
support them with complementary efforts at NASA, and a general 
reduction of outdated regulations restricting private sector 
rocketry and space exploration. 

Fourth, we must again look seriously at, and invest in 
technologies which support — both at NASA and in the private 
sector — manned moon missions and a permanent presence on the 
moon. There are endless spin-off and commercial development 
arguments for this investment. But the one argument that I feel 
is most compelling is the mission larger than ourselves; we were 
called together as a nation, and as a species, by the Apollo 
missions to the moon. And there is simply no measure of the good 
that these explorations brought to us all, not least by bringing 
the global community closer together. 

Fifth, and finally, the importance of now seriously looking 
at and investing in a manned mission to Mars could not be 
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greater. The tine is upon us to move into the investment phase, 
and to look at making practical the technologies that we now 
have, but could only have dreamed of in the 1970's. We can do 
this, and we must free the private sector from regulations that 
hamper the sort of experimentation that will make this a reality, 
even as we support NASA's research and development. We must 
reach out and do what we are able to do, and we can do this 
within our lifetimes. 

IB Closing, let me say that Space IS our final frontier, and 
that frontiers are essential for the advance of humanity, and for 
advance of individuals vithin the coBm\uiity of Man. our children 
will thrill to the achievements ve set forth tO' achieve, (and ve 
can achieve them — if ve are willing to dream,/ to embrace the 
knovledge, faith and commitment — and to re-light that engine 
which will take us all first into space, then to the moon and 
Mars, and finally toward the stars. As I like to say, with my 
feet firmly on the ground — on Barth today, as surely as they 
were on the moon nearly thirty years ago — let us join together 
and shoot for the stars, ad astra. 
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Mr. Hastert. Thank you, Dr. Aldrin. At this time, Mr. 
Cunningham. 

Mr. Cunningham. Thank you, Mr. Chairman and members of 
the subcommittee. You do me honor by inviting me to share my 
thoughts with you here this morning. And it’s a pleasure to be here 
with my associates. Buzz and I entered the space program the 
same day. Story Musgrave, who bridges the period between the 
golden age of manned space flight — Apollo — and the current shuttle 
era. As we sit here amongst the artifacts of the golden age of 
manned space flight, I would like to talk a little bit about a move- 
ment which has been away from the chance of dangerous adven- 
ture and toward a risk-free society. 

In 1961 President John F. Kennedy announced to the world: “We 
will land a man on the Moon and return him safely to Earth in this 
decade. We choose to do this not because it is easy but because it 
is hard.” What a truly audacious statement. At that time not a sin- 
gle American had yet been into orbit. It took vision, initiative, lead- 
ership. It took someone willing to stick their neck out, someone 
willing to risk failing. 

Economic problems and social progress were serious issues in 
1961, too, much as they are today. So was the budget. President 
Kennedy knew that even in hard times you cannot take your eyes 
off of the future. While responding to the needs of today we must 
also invest in tomorrow. Today man’s landing on the Moon is his- 
tory. Against enormous odds, with the whole world watching, a 
group of engineers, scientists and managers accepted the challenge, 
took a risk, and changed the way that we perceive our world. And 
incidentally, they kept the spirit of adventure alive for one more 
generation. 

We went after Moon rocks. But the real payoff was probably a 
surprise to all of us. The real payoff was what happened to us back 
on Earth. Apollo changed all of us inside. For a brief period during 
the time of Apollo, our society felt good about itself again. We felt 
together. The Moon landings proudly proclaimed to others that we 
accepted no limits on what we could accomplish. Yes, we knew it 
was risky. But there was never any doubt that the potential gain 
greatly exceeded the risk. And success carried with it the promise 
that our children and our grandchildren would be exploring the 
frontiers of the universe. 

After Apollo 11 in 1969, Australian Prime Minister Jack Gordon 
put it very nicely, I thought, in his message which said, among 
other things — he ended up by saying, “May the high courage and 
technical genius which made this achievement possible be so used 
in the future that mankind will live in a universe in which peace, 
self-expression, and the chance of dangerous adventure are avail- 
able to all.” What a wonderful dream. 

In the past 28 years, what has happened to that chance of dan- 
gerous adventure? Today the once rambunctious American spirit of 
innovation and adventure is being paralyzed by the desire for a 
risk-free society. Security and a risk-free existence have replaced 
opportunity and the chance of dangerous adventure as the goal of 
most Americans. What has happened to the sense of dedication, 
commitment, the stick-to-it-iveness; the spirit of adventure that 
made us great? Are we doomed to a future where our resources will 
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be used only to feed our existence and never for dreaming and 
reaching? 

This country was established by risk takers. Without risk takers 
there would be no U.S. Constitution today. The 56 men who signed 
that amazing document knew they were risking death when they 
pledged their fortunes, their lives and their sacred honor to achieve 
independence. And this country was built by those who met a chal- 
lenge and accepted the risk, not cautious nay-sayers, built by those 
who wanted to live, not simply exist. It’s the Christopher 
Columbuses and the Neil Armstrongs who move us forward, not 
the Ralph Naders. With a Ralph Nader at the head of a wagon 
train we would never have made it across the plains and over the 
Rockies. 

Today we hear incessant talk of limits, usually expressed as a 
shortage of funds. Any grand aspirations we might have are at the 
mercy of political institutions: some of the most risk-averse groups 
in our society. Our only real limits are those we place on ourselves. 
In a country which has survived many crises, none has been more 
important than the current crisis of will. Today we fail not because 
of our inability to do something, we fail because our unwillingness 
to tackle it in the first place. We are simply unwilling to take the 
risk. 

The Apollo program was a catalyst to education for a whole gen- 
eration of students. The inspiration of another grand objective is as 
important to this generation as the successful implementation of 
Apollo was to America in the 1960’s. But we have ducked such a 
commitment. And education has been on a downhill slide for years. 
We do a further disservice to today’s students: our next generation 
of leaders. The relationship between challenge, risk and, responsi- 
bility and leadership is also being neglected. Leadership requires 
confidence in oneself before you can instill confidence in others. 

And how can you have self confidence if you have avoided risk 
all your life? I believe every generation has an obligation to take 
some risks, to raise society to some higher plateau, to free men’s 
minds for a look at new worlds. The society which does not utilize 
its knowledge and capabilities to push back boundaries begins to 
decline and is replaced by those societies which do utilize their ca- 
pabilities. 

A good example: at the height of its glory the Chinese fleet sailed 
for India 60 years prior to Columbus’ search for India. The Em- 
peror called the fleet back and burned it. China, to this day, has 
not returned to position as significant world power. America is at 
a crossroads. Are we to maintain our technological leadership and 
invest in our future or will mire ourselves solely in the problems 
of today and squander our future? The choice is ours. Let us ac- 
knowledge that the chance of dangerous adventure is a basic need 
of the human spirit, and commit this to a new grand challenge. 

In the next century no one will care how carefully and cautiously 
we survived the last third of the 20th Century. But they will cele- 
brate our willingness to accept risk, to make a commitment to ex- 
pand our universe and to change forever the way we looked at our 
world when we decided to land a man on the Moon. You and I can- 
not set foot on distant planets, but we can set our minds on the 
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future, and, perhaps, return to a society where peace, self expres- 
sion and the chance of dangerous adventure are available to all. 

I have taken the liberty of outlining a space policy that meets 
those needs. The full text is available to you, gentleman. But I 
summarize here just the principle points before I compete. America 
has lost the vision of its role in space. We have forgotten why we 
go into space and what benefits we derive from space exploration. 
For the past 35 years the space program has been a primary 
change engine for American technological advance. These advances 
have fed the private sector in their search for commercial applica- 
tions and thereby added to our economic strength. 

What is desperately needed now is a clearly defined, easily un- 
derstood and consistent policy for U.S. space activities. Point No. 
1: preeminence in space as a national policy. Preeminence among 
the space faring nations of the world requires but one thing — that 
we decide to do it. This can only occur if it a matter of national 
policy. No. 2 : a long range goal for NASA. A national space policy 
should encompass NASA, the private sector, and to some degree 
the Department of Defense. It should promote not only the explo- 
ration of the heavens but also the defense of America. NASA’s long 
range goal should be no less then the exploration of our solar sys- 
tem. This goal bypasses the problem of repeatedly having to sell 
new starts. It embraces both manned and unmanned activities. 

No. 3: the space station is a good start. It’s value, however, as 
an inspirational agent has been compromised by wavering commit- 
ment, dragged out funding, and turning it into a foreign policy pro- 
gram. No. 4: space funding — excuse me, I didn’t finish with point 
No. 3. International partnerships should be based on substance, 
not appearance and not politics. And we shouldn’t have to subsidize 
our partners. 

No. 4: space funding must be both adequate and predictable. Pre- 
dictable Federal funding is essential if the private sector is ex- 
pected to make future commitments and long range plans. NASA 
should stop overselling programs at their inception and Congress 
should be realistic about accepting the true cost of achievement 
and leadership. No. 5: space research and development is an in- 
vestment. Space research and development funding is not in direct 
competition with entitlement programs. It is an investment which 
keeps America prosperous, and is vital, and enables us to support 
entitlement programs. 

No. 6: assured access to space through a balanced launch fleet. 
America should balance the access to space provided by the space 
shuttle with programs to develop expendable launch vehicles and 
a new heavy lift vehicle. 

No. 7: space and national defense. A national space program has 
a legitimate and vital role to play in the future defense of this Na- 
tion just as railroads, shipping and aviation did once they came 
into being. The overall military space program, per se should not 
be treated not as space policy issue but as a military defense issue. 

No. 8: cooperative ventures. One characteristic of U.S. leadership 
in space has been its openness to international cooperation. In the 
future, such cooperation should be based on equitable contribution 
as well as equitable return. It should capitalize on the unique 
strengths of each partner with each partner carrying his own load. 



26 


No loss leaders. No. 9: strong leadership and clear priorities are re- 
quired. A personal commitment from the President, whomever that 
may he, is paramount, hut requires Congress for approval and 
funding. 

NASA, the private sector, and the Pentagon must be challenged 
to accomplish it. The program must be clearly communicated to the 
American people who must subscribe to it. Everything possible 
should be done to prevent space disasters. But we must be willing 
to persevere in spite of disasters and risks. Those are my nine 
points. I’ll just finish by saying it is time for another leap forward 
for mankind. Commitment to any policy costs money. We are all 
aware of the current budget constraints. Congress, in meeting their 
obligation to the present should not forget their obligation to the 
future as well. Thank you. 

[The prepared statement of Mr. Cunningham follows:] 



27 


FROM THE CHANCE OF DANGEROUS ADVENTURE 
TO A RISK-FREE SOCIETY 

Walter Cunningham, Astronaut, ApoUo Vn 


In 1961, Preadeot John F. Kennedy announcod to the world, "We will land a man on the moon and 
return him safely to earth in this decade. We choose to do this not hcraiisr ii b eaiy but hemusr h b 

hEBd." 

What an aud^bus statementt At that time not a single American had yet been in oibh. It took vbbn, 
imtiative and kadenhjp. It took someone willing to stick their neck out - aomeoiK willing to risk 
felling. Econonac problems and social progress were serious issues m 1961, too — much as tfa^ arc 
today. So was the budget. Ptesident Kennedy knew that even in bard times you canoot take your 
offthe future. While re^nding to the needs oftoday—wc must also invest in tomorrow. 

Today, man's landing on the moon b hbtoty. Against eno n nous odds with the vriiole world watching 
a groiq) of en gb eer a , scientists and marng^ accepted a daUenge, took a risk, and changed tiie way 
we perceived our world. And not incidentally, kept the spirit of adventure alive for one more 
generatba 

We went after moon rocks but the teal payoffwas probably a surprise to an of us. The real p^ff was 
what happened to us back hoe on earth. ApoOo changed all of us — inside. For a brief period during 
the Time of Apoflo, our society felt good about itself again; we felt togetiicr. The moon landings 
proudly proclahned to othen that we accepted no limfU on what we could accomplish. 

Yes, we knew H was risky. But there was never any doubt that the potefeial gain great^ exroedrd the 
risk. And success carried vrith it the pfomise that our chakhen and our panddiDdrEn would be 
expbting the frontiers of the univoae. 

After ApoUo 11 in 1969, AustzaBan Prime Minbter Gorton put it niedy when he mid, ". . . Msy the 
high courage and lechnica! genius which made thb achitvet n e nt possibfe be so used in the fruunr that 
mankind will bve in a universe in which peac e , self-expresabn and the chance cf dangerous adventure 
are available to alL" 

In the past 2S yean, what has h ap petwd to that "chance of rf ange ro w oAwnnsnr**? 

Today, the once rambunetbus American spirit of kwovatbn and advetfure b being panlyBd by te 
deaite for a rife free aociety. Security and a risk-free cx a fenc e have leptaeed opportunity and the 
chance of dangerous aiKeiture as the goal of most Americans. What has hBppwtfi l to the sense of 
dedication, conniitnienl, the $tick-to>itiveness, the ^irit of adveituie that ma^ us peat? Are we 
doomed to a frjtwe where our resouroes will be used otdy to feed our exb to nc e and never for dreaming 
andreachng? 
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Ihb ooiflitry wu ^ fidc>iakaa. WltfaDUt rWc«taken there would he no United States 

C on s ti tution today. The 56 men who signed diet — do m m cn t knew they were risking death 
when th^ pkdged "their fintunea* ibeir Itvesi end tfaek SKied honor" to achieve kidependenoe. And 
this country was huik by those who met a chaflenge and ac.c.ft|d e d the risk • not cautious nay-aayen; by 
those viho wanted to live, not simply exisL It's the Christopher Cohimbuses and die Nefl Armstrongs 
who move us ferward, not the Ra^ Naden. Wirii ^ ^>f|ph MatW mt tha tw^ of a wagon tiML we 
vrould never lave made it «cro8» the Plaint 

Today, we bear DoesaaigtaDcoflimita, usually expreased as a shortage of funds. Aqy pand a^iirations 
we might hewe an at the mer^ of political institutions, some of the most riric-awene groups in our 
society. Our only real Imais are those we place on ourselves! In a country which has survived many 
crises, none has been more impoitant than our cuneit crisis of wiH Tod^, we fig not of our 

inabiliiy to do something; we fill hnmusr of our unwOIk^DeaB to tackle it in the first place. We ate 
vtapfy unwilling to take the risk. 

The Apollo Program was a catalyst to education fi>r a whole generation of students. The 
in^iratioD of another grand oligective is as importam to this gonention as the successful 
Bnplemamaiion of Apollo was to Americe in the SDOies. But we have ducked such a comnutmem 
and education has been on a down hill slide for years. 

We do a finther disservice to today*s studerds » our next gcncratbo of leaders ~ as well The 
rebtionsb^ between challenge, risk. lesporwilnlity and le e deiri ii p it also being neglected. Leadership 
requires confidence in one's self before you can instill confidence in others. And how can you 
have self confidence if you have avoided risk all your life? 

I believe every generation has an oUigatioo to take some risks, to raise society to some higher 
plateau, to free men's minds for look at new worlds. The society which does not utOme its know- 
ledge and capahilirirs to push hack boundaries begins to decline aird is replaced fay those socieries 
which dsi utilize their c^nbOities. 

A good exartpk: At the height of its gbiy foe Chinese fleet sailed for India 60 years prior to Cohimbus 
search for In^ The Ertgicror cafled the fleet ba^ and burned it. China, to fob dqf. has not icturtKd 
to a position of ■gnifirart world power. 

America b at a crossroads. Are we to mainuun our technobgieal leadenhip and i nv est in our fiiture or 
will we nure ourselves sokhr m the p roM c ms of the day and squander our fimire? The choice b ours. 
Let us acknowledge that the chance of dangero^ at^ntwr b a basic need of the human spirit and 
commi t fob coutaiy to a new grand chaUmge. 

In the next century, no one will care how carefuOy vxi cautiously we survived foe last third of the 
twentieth oencuiy. But they win celebrate our wgbnpiess to acc^ risk, to make a commilinent, to 
expand our univetae and to dieitge fimver foe wiy we looked at our wc^ when we decided to land a 
man on foe mooa You and I can not set foot on fostant planets but we can set oiv nfiids on the fixture 
aod, periiBps, return to a society where peace, self expression, and the chance of dangerous adventure 
are available to alL 
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1 haw takcD the liberty to omhne a ^ace poli^ wi^ 1 believe meets these needs. Co^es of the conh 
pleie do cu me n t oe avubble and I summanzc only die principal points here. 

SPACE POLICY SUMMARY 

Amarice has lost the visioB of its role In space. We have forgotten why we go irao apace and what 
benefits we derive from apace expknatioa 

U.S. Pte-EifiineBce: A Rarionale 

For the past 35 yeais» the space program has been a primaiy "change engine*' for American technical 
advance. These advances hew lU private sector m their search for oommercial applications; and 
thereby added to our economic strength. What is desperately needed is a ckarfy eas^y under- 

suxm] and consistent policy for U.S. space activfties. 

1 Pre-Ernmenri! In Snnee As>lat»nal Poli^ 

Pre-eminence among the ^lace bring oationa of foe world requires but one thing - THAT WE 
DECIDE TO DO IT. That can only occur if it is a matter of national policy! 

2. Lnng Range Goal For NASA 

A national space policy should eum im a ti NASA, the private sector and, to some degree, foe 
Department Of Defense. It riiould promote not only the exploration of the heavens but also the 
defense of America. NASA's long range goal should be no less than: The Exploratioa of Our Solar 
Svatem . This goal bypasses the problem of repeatedly havii^ to sell "new starts'*. It embraces both 
manned and unmanned actMties 

3. The Space Station Is A Good Start 

Intemational partKrsh^ should be based on substance, not appeqT Bffi f;: and not politics. And we 
shouldn't have to subsidize our partners. 

4. Space Ftip dinp Must Be Both Adequate And Prcdictflbk 

Predictabk federal funding is essential if the private sector is CT^ccted to make future coimutments 
and long range plans. NASA should stop ovetaelling programs at their inception and Congress should 
he realwir about the OQSt ofachicvcmcnl and kadenfeb. 

S Rp»e^i^CT“»^^PevelPPnientl3AnInvcstrrrrt 

Space research and dcvclopmeni funding is NOT in direct conpetition with enthlenieni programs. It 
as an investment which keeps America pro s perous and vital and eoaUes us to support entitlement pro- 
grams. 
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6. Assured Access To Space Thp nph A RafaiyMrf I jai nch Fleet 

America ^uld balance the access to qMce provided by the space shuttle with pr ograms to develop 
oqjcndable bunch vehicles and a new heavy fin vdsicfe. 

7. Snace An^ bJfltinnal ngferwe 

A natiDnal space program has a legitimate and vital rob to play in the future defense of this nation jxist 
as railroads and shipping did once they came into being. The overall militar y ^ace program, per se. 
should be treated qqi as ^»ce policy issue but as a militery/ddRise issue. 

8. Cooperative Ventures 

One characteristic of U.S. lenricrship in space has been its openness to international oooperatioa In the 
future, such cooperation should ba^ on eqxutabb contribution as well as return. It ^uld 
capitalize on the unique strengths of each partner with each partner carrying his own load — no "loss 
leaders" 

9. SnongLea denhipAnd CleafPrioritieiAreKeauirtd 

A personal co mmi tm en t from the Presideiit (whomevo* that may be) is paramount. But it requires 
Congress for approval and funding. NASA, the private sector and the Pentagon must be chaUenged to 
accoo^lish h. The program must be clea^ communicated to ihc American peof^ who tmna gub* 
scribe to h. Evoything poasibte should be dsne to pnneot space disasten BUT we must be willing to 
persevere in ^Mte of disaAen and rl^. 


It b time for another bap forward for maokifid! Commilnieat to any policy coota monqr and 
we arc all aware of the current budget eooetrulnts. Congfioi, In meetlug their obligation to the 
prcMal should not forget their obUgetloB to tehe a n^ronsibb appraueb to the future os welt. 
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UNITED STATES SPACE POLICY - A PROPOSAL 

Waker Cunningham, Astronaut, ApoQo VII 


America has loat the vbKoo of ita role in apace. We have forgotten >vfay go into space and 
we derive from space ecploration. 


U.S. PRE-EMINENCE: A RATIONALE 

In the past thirty years, America has invested over S200 Ubon in heconong the world's technology 
leader in space scieoce and applications. As a narioci. we cann ot afford to relioquirii what has been so 
hard eam^ And yet, we seem unaUe or uawflling to e»^k>it the knowledge and expertise for vtMch 
we^e already paid. 

America is a tecinobgy drivcD nation. wiUiqg to maintain our position in the world more by its whs 
than its tniwn. But, we can oofy sustain the technical barlrnhip we have adueved by aggressively 
pushing back the frontiers and working at the leading edge of bound a ries. 

Historically, tbe Federal Govensnent has borne the bnint of reacaich and developmeitf costs - 
e^Kcially in basic lesearch. This has been aceomplisbed most efiecthvly through funding m^r 
piog i ai i B (so called, "Engines of Change") requking the devebpaeiit of new knovidedge across a 
broad nuige of scientific and techmcal dMciplines. For the past 35 yean, the spuoe program has been a 
primary "change en gine " for American technical advance. 


These advances have fed the private sector in their s earch for conamcial i^ptications, and thereby 
to our economic strength. Outlined bebw are sevenl reasons for America to maintain the hi^ 
ground in space develo|xnent; to reaffirm pre-emineDce in space as a natkmal priority; and to commit 
national resources to a conqnehensive ^»ce polt^. 


1. PRE-EMINENCE IN SPACE AS NATIONAL POUCY 

Today, America is at a crossoads. We are challenged to mamtain pre-eminence among the modem 
space Suing nations of the world. America is suffering not from a lack of ability nor of our technology 
but from an unwQbngncas to oy. Pre- emi n en ce requires but one thing - THAT WE DECIDE TO DO 
IT. 

Our commitmenl cannot be tied to a long over "space race", to teflon frying pans or near-term 
commercial profits. And it is time qiut looking at the wpaoe program as some form of luxury - a 
place where we travel for adventure and. just maybe, scientific research. 

Science and technology provide the fiindamcnta] knowledge that leads to national strength and 
prestige. Ambitious ip&x goals (Uke ^»llo) force major advances over a taoad ^icctnjm of technol- 
ogies that uhimaiely touch all aspects of our nation's economic and aocial lifo. 

Id Klvocating sj»ct leadership, the payoff is not in the prestige nor the plaudits of other nations but in 
the technobgy baps - the advaoM of several decacy co uy i eas e d into one - which accrue to the 
natbn wHh the commitinent and determinBtbn to pursue thoxL 
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Malatetaiiag • poritton of kodcnhlp amoiig tbe apoca Suing aaCioDs of the world maat be a 
matter of aatleaal poKcyl 

Natamal policy B a reason wcU undenteod fay I^maa» Pnnea» Qnna, Japan and others. These nations 
see ^a ce as an jnriiyenMbte aicna Sx adeotific, ndustrial and national security activities. 


2. LONG RANGE GOAL FOR NASA 

America has the very best tedmology but have not yet demona ti ated the co mmhx nen t to estaUiri) long 
tenn goab and stick to them >Vhat is dnsperatcly neeried is a dearly defined, easily understood and 
poli^ ter U.S. qiace activities - a poliQr teat encongiaaaes NASA, tee private aector and. to 
some degree, the P quiliuen t Of Defense. Our space policy ^uld promote not otify the ca^knarion 
of tec heavens but also tee defense of America. 

NASA's long range goal should be no less tean: The Endoration of Our Solar System . This goal 
will capture tee public's anagnstion and accelerate space oducattea Our future sucoeas in this arena 
dqicnds on the space progn mfs appeal to our bright wtlnds feeing a challenge worthy of their best 
e&rts. 

Policy dements should be dearly enunciated; e.g. the Imemational Space Station as a nulestone on the 
road to exploration of the solar system. Mannad exploration of Mars should be another mDestone even 
though k will not be achieved during tee neict adfnnatration nor of the tellowing nor of tee one after 
that. But this administration and Congress could leave oflke frrtix good about establishing a 
long range goal and givDg better focus to a key agency. NASA. 

The space program should avoid the a pp earance of aiqr particular project or piogt am beo^ an end in 
jtfldf. foicng ^ country into tee position of repeatedly having to sell "new starts'*. When tee "goal" 
of the ApoUo Program was accomplished, NASA went bock to the starting point. When tec Eagle 
landed, America beg an its withdra wd from space as a natioDal priority. 

Focusing on exploration of our solar system transcends the sekcHon of a Moon base, qc a manned 
Mara expedition; fit snply endorring NASA's present posteon. It enfanoes both maimed and 
unmanned activities; ter both will be needed, '^xj^ration of The Solar System" is a p>a] teat secures 
the technical high ground and di^li^ leadership. Against such a goal, tee Moon or Mars Programs 
become objectives evahiated according to their contribution to achieving teat goal. 

Leadershp for NASA should be reviewed to imure that the best qualified and available leaders are 
sought out and givea the opportuniiy to serve the country, the mission, and tee dedicated people in 
NASA and their support oontaactors 

3. THE SPACE STATION IS A GOOD START 

The apace station will function as a reaearch center in orbit, a manufecturii^ a servicing fecility 

for marmed sateUrtes, a fecOity Ibr long term observation of the eanh heavens, a space tians- 
poitation node for highw orbits - the moon and de^ space, an amonb^ fecility for large space 
structures and a storage fecility for spares, oonsumcr goods and mtelKtcs. 

In this national laboratory in qiace. advanced tedmotogy. materials and products which cannot be 
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pfoduced on eaith will be rmric posable by utiloing unique propexties of the qpaoe cnvno n ment 
Commereiel eiq^bilstion in matcrids prooesang of phonnaoeuticals^ new alloys, po^ymeci. ceramics, 
aenaors. semi-conductor oyttals and odier Ugh vahie raatoiab can b^bi. A coiiqieliljue p^ion in a 
global in arke^phce b at stdcc. 

The Space Station will have a pervasive c flbct on teefanology of the next generation, and will help to 
znaiataB our reputatbn as the leading tedmobgical nation of the world. 

The Space Statbn P i o g r am b abo an emebeot opportunity fyi mtematbnal ooopentbn on a 
faaab. The haiefHs to our ntemational part n ets and ourselves are real, ttd include the 
ass emb ly of hrgc apace structures, bng tqm scientific observation and mmned space activities. Sudi 
coopcntbn diould be based on snhstsnrr, and n o t politics. And wc shouldn't have to 

subsidize it. 


4. SPACE FUNDING MUST BE BOTH ADEQUaTB AND PREDICTABLE 

Predictable federal Hmding b essential if the private sector b expected to make future co i n nutin ents 
and bog range plans. On again, off again fundingi geared to a year, presidential cycb will never 
d^urege die private sector to make the financial co uuiumfc.ut s necessary br legitimBtc cononer- 
cialization. Without adequate and consbtent fimding that transcends political fluctuations, our technical 
competence can wither and will have a fixative intact on dvO apace leaderahip. 

Histoiy has shown it to be extremely difficult to sell terbnir.al programs to the Office of Management 
and Budget or Congress baaed solely on the bets. All too often, bgitimate programs imisi be 
"oversold” to Congress on the basb of optimistic estimates in order to obttdn fiind^. Thb approach 
taxes NASA's management capability and coiigxomises their credibOity as the actual costs inevitably go 
>ffty over budget. 

For nearly three decades, NASA, the leading technical agency in the country, has been breed to place 
its pnorities strongly on cost to the de tri me n t of technical issues whfle annually tiling the Congress 
into minimal fijoding. While the Federal budget has mcreased over 160 pci cent during the last thirty 
years. NASA's budget has deerrased bv mnre than SO pcrcenl in teal terms . 

Under such stior^ budgetary pressures, design decbbns are made which ccwptomac both hardware 
capability and operational ne^. Be^nnkig wkh the Space Shultb, oversellutg the cqsability and 
under-iiindii^ the program became standard operating procedure. The problem was magnified terh 
fold with the Space Statbn. 

A challenging tedvucal conc^t, such as a permanent manned igaacc station, cannot be turned into 
reality che^ly. Funding must be coruastent with realistic expectatbns. We have the tcchnobgy and 
the money. NASA should stop o>«raBUing programs at their inc^bn and Congress should be re alt^ob 
about the co« of Khicveiiiwit »nd Icadcnhin 


5 SPACE RESEARCH AND DEVELOPMENT IS AN INVESTMENT 

America must change its attitude toward ^pace ^tending. Space research and devebpment funding is 
not b direct competitbn with eotitlenient p rogr a m s . It as an inv estme nt which keeps the country 
pro s perous and vital and enables us to supp^ entittement programs. How can we continue to afford 
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our growing expcaditures if vw gtnngfe die nvcetnotf u^uch causes xeveniei to grow? 

Let us not become so "dxiit tenn nMed" tbot Ibrget bow long die road is that we tnvcL 

America must look b^nd the next quarter's oumben to stay ahead in space. 

For 30 yearSi Amerka's ^ace aedvides batv been tecteotogy driven* o fretor wdudi ooniinues to 
hinder our attempts at conaiiercia l ex^itatiDn. For real conanerdal airress, new s pae c bas ed 
products and aerviees must be natkcC driven > that is; tbgr should address unmet market needs. 

The oommescial pay off in spaoe-derived new all^, polyxnen* pharmaceuticals* oq mirs , sensors. 
seniHoofiductor cryatab and other high value materials is an ehisfve quest. A key issue in enbtging the 
madeet and securing a ooa^eddve positiDn n the global markatpbee* is low cost ecoess to space. 


6. ASSURED ACCESS TO SPACE THROUGH A BALANCED launch FLEET 

America should balance die access to ^pace provided by the apace dnittle with programs to develop 
expendable launch vcbdcles and a new heavy lift vehicle. We fmvt only partly jecocred from the bok 
we dug ft>r ourselves widi the decisaon to phase ^ expendabfe laun^ vehicles ai die kte seventies. 
That decision is partially responsibk ftir die p r esen t semi-ooinatose state of the qiaoe progiaia 

Long lead tanes, eximnefy hi^ cost, aaie^ and relialdlty requiieineBta. and national security 
considentioiis may dictate diac large buwh vefakk devriopment remain* fi>r the near term at least, an 
eittksive govenxmt provin ce . 

Newer and «"dlgr e mu e p te u ctirial conqianies should be enooureged by the govemmenl to find a 
market niche. The government can help by meking launch fidUties avaOabk. he^nng to prove out 
technology and end (most importantly) developing the teclviok>gy ibr cheaper tramipoilation 

systems as r^idly as possiUe. 

CommeroMB^ Tion and Emrapteneurial Invemcit 

Companies end entrepren e urs oust be attracted by g«ptNfriny aod ideas that will motivate them to 
invest their time, energy and money. In our market dtim econoaqr. when there is a profit to be ii»dc. 
mvestment and oononerdal esqiribitation by the private sector will fisUow. V^thout a potential profit, all 
the gove nau ent bureaucracy and ofkes in the world cannot force the process. 

NASA should develop the technology, the heavy launch vehicles and the ^oce infiastructure for 
co mm ercial use by the private sector. If this oifrastiucture is well enfted* the cost of putting a pound of 
payiovl iito orbit will be lowered and the genius of the Ancrican sysicro of commercial competition 
will pay off as it has in aviadoa tekcoaanunicaiions* confers, biotechnology, etc.. 

Private Sector Pavtoids 

It dioukl be more economical for American privately owned satellites and other oomiiierciBl pqrloads 
to fly on U.S. govenuDeot lauiKh vehicles than to use foreign leuocfa services. NASA should continue 
to fly developmental and pilot projects at bargain pri c es . Thb leaves the Government (NASA) m a 
poritioo of proving iqi maricets, kwermg the cost of traropoitation and removing obstacles to private 
sector partietpatioa It will then be up to the private sector to exploit the maikrtplnrr whenever it is 
cost eflective to do ao. 
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7. SPACE AND NATIONAL DEFENSE 

A natiDnal space progtam has a I ntim ate and vita] role to pby ia the future defense of this natioD just 
as lailrDads and shipping did once they cane into being. Our future national defeoae may well depend 
upon our cqMbQhy of operating in qsace. 

A national space policy should assure the legitioiacy of DOD access to civil and oommefcial space 
programs. The DOD should be a prime customer for civil govenunent and oommerdal launch services 
vdaea appro^iate. The "transfer" pricing for military pajdoads should be an attractive and cost 
effectivB altCTnative to any military dt^Ucation of focifities. 

The overall militaiy ipacc program, per ae. should be ixeated got as ^sace policy issue but as a 
mflitaiy/defense issue. 


8. COOPERATIVE VENTURES 

One characteristic of U.S. leadersh^ in space has been its opennes to mtonationa] cooperatioa We 
have shared our capaUliiy with other nations from moon ro^ sauries to joint U.S./USSR programs 
such as ApoOo-Soyuz and SARSAT to multi-narional cooperation on Space Station. We have s liar ed 
the fruits of our ct^ space jnogram with over ISO nations through nearh' a 1,000 agreements. There 
are a giowii^ number of reasons why this program should continue. 

The "Mission to Planet Earth", for escampk requirea frie close cooperation of other countries if we are 
to solve probletns of global inpoftance and magriitude. SanOarty, rmssiDns to other planets and beyond 
may require resources beyond the capability of any one nation. 

Cooperative space ventures with Russia, ESA, Japan and other natioiis should be on the bilateral 
agenda. Cooperation should be based on equitable contributions as well as returns. It should capitalize 
on the unique strengths of each partner vdih each partner carrying their own load - no "k>as kadm" 


9. STRONG LEADERSHIP AND CLEAR PRIORITIES ARE REQUIRED 

Appreciating the inportance of ^pace is ngt equrvaient to a commitment to America's role in q>ace. 
*1^ time is now to oomrrui to a national space agenda. 

It has been acidly demonstrated that we cannot have a strong space program without some undivided 
attention from the Oval Office. A program of worldwide scope requires an authoritative vision • the 
kind that says, "This is our priorityr'. 

A peisonal comiritcnent from the President (whomever that may be) is paramount. But it requires 
Congress to approve it and fond it. NASA, tte imvate sector and the Pentagon must be challcn^ to 
accomphah it. The program must be clearty oommaoicsted to the American people who must 
subscribe to it. 

It will take more than the Interest of the President. He must also champion the ontional space 
agenda •> or the bureaucracy will swallow the program whole. 
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Evuythkig posmhie diould be done to prevent apece doaiten BUT we mutt be wiling to pmevere h 
ipite of diggers and ridts. We camot let evw aetfaack result m a rif fligdIaHnn of our yoe goab 
and technical capahiUrtea. Disattcn cannot be allowed to deaboy the modvatioo of oiv most ngnitaot 
Bsaets - the pep^ and ttn mduttrial knovwhow dnt can meet those wrinnal objectives. 


CONCLUSION 

In conclusion, there is a need for vuionaiy leadenh^ and long tenn qiaoe policy from the highest 
office of the hod, supported by Coi^ress, NASA, tiic Department of Defease and, most n^rtantiy, 
the American people. 

There is a need for a netiDnal ^sace policy which guides us wcU into the 21tt century; e national space 
policy which oisures our continuation as a ^aoe tedmology and conmercialiBttion leader. 

There is a need for entrepreoeurs working wHh govccanait to develop maket driven products. Wc 
must look at ^pece as an engine of eoononne growth, not just a place; as an investment for tiie next 
several gen erati ons and the foreseeable fiiture. 

And, we naist estaWwh speoe travel as a part of our nttional fohric, romething we do as regularly and 
as easQy as we sail the oceans and travel the faagbwsys. 


This paper wu begun sntviljws ago and hesinovporciid foe aggtttims of fldMfs. RWC 
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Mr. Hastert. Thank you, Mr. Cunningham. Mr. Howard. 

Mr. Howard. Thank you. It’s a pleasure to he here. There’s an 
old joke that many of you probably know which starts when a fel- 
low arrives in heartland America and announces, “Fm from the 
government. Fm here to help you.” Not that funny of a joke, but 
you probably recognize it. I think it must be equally unsettling, 
though, here in Washington, when somebody arrives and says, “Hi. 
Fm from Hollywood. Fm here to tell you what to do.” So let me just 
start by saying that I really only come to offer my heartfelt opin- 
ions and a few reflections. I’m not a policymaker, certainly not an 
astronaut. And frankly, Fm humbled by the people that I share 
this panel with, and also exhilarated, I need to add, by the remarks 
and the wisdom already offered. 

So Fm not an expert. I just love this country. And I appreciate 
this opportunity to be able to throw in my 2 cents about our future, 
since it depends directly on the decisions that we made today and 
in the very near future. First, space has always fascinated me. And 
I will forever be awed by the unparalleled inspiration that went 
into the Apollo program and, for the record, also into the Mercury 
and Gemini programs. 

That inspiration moved me as a boy, and it still moves me today 
as a man. I grew up in an America that was ambitious, courageous, 
unafraid of the unknown, ready to take risks in the name of curi- 
osity, discovery, knowledge, human progress, the thrill of victory, 
and the preservation of the Nation’s security. Two of the men who 
made that happen. Messieurs Aldrin and Cunningham, are here 
beside me today. They sat atop the Saturn 5 — mightiest rocket ever 
created — and were launched into space on a pillar of fire, more 
than 7 million pounds of thrust. 

That took courage and conviction, years of training, and hard 
work. It also took believing — a believing, dedicated, unafraid Na- 
tion. As many of you would imagine, I admire that achievement as 
much now as I did then. And this is part of the reason that I di- 
rected “Apollo 13,” the movie. Before I get into a few forward-look- 
ing thoughts let me just pause and tell you why that movie, “Apollo 
13,” was produced by my partner, Brian Grazer, and myself. 

That movie, featuring the heroism of three astronauts, tireless 
and ingenious NASA personnel on the ground and thousands of de- 
termined Americans, represents the best that America as a Nation 
can bring forth. The seeming impossibility of landing a man safely 
on the Moon and returning him to Earth was fresh in the Amer- 
ican mind when Apollo 13 was launched. Apollo 11 and man’s first 
steps on another celestial body — the Moon — had occurred just 9 
months earlier, in July 1969. 

Little did America know that Apollo 13, and the unforeseen ex- 
plosion that rocked that little island in space, would call upon this 
great Nation to add impossibility to impossibility and bring human 
lives safely back against insurmountable odds. Every readout said 
that it couldn’t be done, particularly in those first few hours. Every 
gauge spelled disaster, except the gauge of our national character. 
And in that single gauge America, those who knew and worked, 
those who supported Apollo and just prayed, found out who they 
were, found out who we as a Nation are. 
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We are a Nation that does not give up, not on a dream, not on 
a single human being. And in that incredible conviction, so poign- 
antly aired by Gene Kranz’s prediction that this would be our fin- 
est hour, we again took stock of who we were as a people. 

Well, that was nearly 30 years ago now. And the reason I’m sit- 
ting here today before you is, I think, another crisis of sorts is upon 
us. Call it a slow motion ApoWo 13. 

In 1997, we must again take stock of who we are as Americans. 
Apollo ll’s plaque left by Buzz Aldrin and Neil Armstrong on that 
same Moon that you see up there every night says we, this Nation, 
reached out and touched that place for all mankind. All mankind 
means every nation. And it means the generations to come — my 
kids, your kids, their kids. And that’s the real point. 

Today, we must see that space exploration, space development, 
space science, space medicine in our future both here on Earth and 
out there depends on the courage of our current convictions. And 
just as Apollo 7,11 and 13 defined us as a Nation, so do the deci- 
sions before Congress and this Nation today. Apollo was a magnet 
that in the 1960’s and 1970’s pulled our best and brightest kids 
into the study of math, the rainbow of sciences and engineering. In- 
dustry and educators, parents and policymakers were all exhila- 
rated by the long-term goals that were set beginning with Presi- 
dent Kennedy’s pledge to reach the Moon in a decade. 

And the benefits of that exhilaration are well beyond counting. 
The steep climb in education is why we all enjoy microwave ovens, 
personal computers, innumerable new medicines, electronic, avionic 
and basic mechanical advances. Our national security was pre- 
served. Our commercial base and job opportunities widely ex- 
panded. Technologies which protect the environment and make for 
cleaner energy leaped ahead, and the sheer ripple effect propelled 
us forward. 

The real impact runs even deeper. Exploring space and the un- 
known is a human quest and an American dream. Without dreams 
we wither. The thrill of achievement is only a memory that you and 
I have as a generation which lived through Apollo, because we 
were well served by leaders who had the long-term in mind. Now 
we are the leaders, in a manner of speaking. 

Given the progress that we’ve made in space exploration since 
the Apollo era, historians, I believe, will hold that is was not sim- 
ply curiosity, a pioneering spirit or a quest for scientific gain that 
carried us from the Earth to the Moon. But instead, in a political 
conflict, our country, motivated by patriotism and a dose of na- 
tional fear, came from behind and prevailed in a space race. It’s a 
great triumph, to be sure, but hardly the primary we would like 
to assign that great leap forward. 

Somehow without the political threat hanging over our heads, 
our national appetite for exploration has been curbed. And that is 
a shame. Because I believe that the leaders who had the vision and 
the foresight to fuel our early space programs had it right. The fu- 
ture still belongs to those who will dare to succeed and continue 
succeeding in space. I’m of the mind that curiosity is not merely 
a human quality but is, in fact, an instinct which drives us. Human 
exploration of space has begun. People are going to explore the gal- 
axies and make untold discoveries and gains in the process. 
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And as a patriot I hope our legacy will be that the United States 
of America took that lead in space and never looked back, that we 
grew and learned and excelled not out of fear but for the better- 
ment of humankind. Now, that legacy is ours. We’ve earned it. 
These astronauts and thousands of others working with them have 
dedicated their lives to putting us into that position. The legacy 
will be ours if we are willing to reach for it. 

To quietly take the position that given our stature at the moment 
we can always reassert ourselves in the area of space exploration 
if and when it becomes politically more pressing or necessary, that 
is an assumption perhaps bordering on arrogance that I hope we 
don’t indulge in. Wouldn’t it be tragic if our program somehow be- 
came an odd, ironic footnote when the story of mankind’s move- 
ment into space is written, when we could have been pivotal play- 
ers. 

Now, you all are Members of Congress and hold the Nation’s fu- 
ture, our future in space and the opportunity for progress and 
greatness in this realm in your hands. I come from an industry 
that dreams for a living. Together, we must, for our kids and our 
Nation’s long-term future, think big. We have to embrace renewed 
discussion of a mission to Mars and a permanent human settle- 
ment on the Moon. We have to tell the Nation about the incredible 
discoveries that have already come out of the 83 shuttle missions. 
This year alone we’ll get four new inoculations from a 1988 shuttle 
experiment and we’ll save more than $1 billion in medical costs 
alone from a revolutionary breast cancer detection technology made 
possible by the shuttle program’s imaging research. 

There are hundreds of stories like that one. And they call on us 
not to give up, indeed to dig down, read that gauge again, that 
gauge of our national character. “Apollo 13” is just a movie. And 
of course, lest we forget, it’s a movie of an extraordinary real life 
mission. And that was just one mission. But the messages that 
James Lovell, Jack Swigert and Fred Haise sent to us should rever- 
berate down through the ages. And it’s been almost an age since 
they sent it. 

The message is this: When you next look up into the night sky, 
don’t just see the past and sigh about the risk and the grandeur 
of what we did up there, instead, look again and see the future, see 
the importance of investing in, thinking and talking about, living 
and learning from the great place that we call space. My hope is 
that this hearing is the start of something really big, the start of 
an American reawakening about the magnificence and calling of 
space. 

My hope is that here in Washington and out there in homes of 
those who see or learn about this hearing, that there will be a new 
resolve to see in the night sky the faces of our children, the silent 
call of those who would have the benefit of prideful memories and 
discoveries from space just as we have. What I hope these thoughts 
trigger, if nothing more, is a serious rethinking about the terrible 
and wonderful significance of space. For all mankind, we as Ameri- 
cans have a destiny. It is a wonderful destiny, one that I know 
many of you believe in, one that the men on my right have risked 
all for, one that I tried to capture in “Apollo 13,” the movie. And 
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now I hope that we may he able to reach together to reawaken 
America and to fulfill. Thank you for inviting me. 

Mr. Hastert. Thank you, Mr. Howard. At this time, Dr. 
Musgrave. 

Mr. Musgrave. Thank you very much, Mr. Chairman, for invit- 
ing me to this grand hearing in a really grand setting. I’ve had the 
privilege. And it’s an incredible privilege of having been an astro- 
naut for 30 years — space is my calling, it’s what I am, it’s what I 
do. As most of you know. I’m an incredible romantic and idealist. 
And so I have some ideas which may be a little divergent from oth- 
ers’. I am considered — I see Walt smiling — I’m considered to be or- 
ganizationally and politically naive. And maybe that’s to an advan- 
tage in a place like this. 

But I’ve had the privilege of living the things that space are: ex- 
ploration, discovery, brand new kinds of science that increase the 
knowledge of the universe and ourselves, to see and to develop 
some of the grandest technologies, to look down upon Earth, to 
communicate the vision of our home from out there, to help to in- 
still a spirit of stewardship of our home is space, of Earth, to help 
to stimulate ecological issues, to learn all the time, to be exposed 
to the heat of the kitchen where performance is the bottom line day 
after day, both on a personal basis but also as an example of life 
long learning and education, to go out and talk to people, to talk 
to kids, to show them what education is all about, show them what 
it can do, show them how what we do in space is an entry point 
for their learning principles in the classroom. 

I’ve had the extraordinary privilege of representing you all in 
space. There’s millions of people that could have done this. Every 
time the door opened I put my foot in it. And I lived this thing to 
the greatest extent. And I gave all I could to this. But it’s an in- 
credible privilege to help humanity see what this incredible cosmos, 
this universe, this Earth, the planets, the stars and everything else 
is all about. Space flight is such a neat thing because it bridges all 
kinds of disciplines, the kinds of things that the telescope is show- 
ing us and all the other grand observatories, and the satellites that 
look at planets and the Earth. 

They’re not maybe quite powerful enough to yet, but if you look 
at Hubble images and others, we’re tending to ridge that gap now 
between astronomy and philosophy, between cosmology and the- 
ology. Those are incredibly important things because they touch 
even at the elementary school level. They help to show us our uni- 
verse. They help to show us as human what our place is in the uni- 
verse. They help to show us — which is extraordinary important — 
what it means to be human. 

Thanks in part to what we do in space, we are becoming global 
creatures, not just people of a certain town, a certain State, a cer- 
tain Nation. I think it has helped to globalize the culture and hu- 
manity. As we push on into space we become solar system crea- 
tures and eventually universal creatures. We will think about, we 
will have a feel, we will have a geometric sense of where we are 
in the universe. And I think that will better our value system if 
we think of ourselves as a universal culture. 

I think a space program, in the long-term distance, will help to 
guide us a as a species — a species ethic. I have a wish list, as naive 
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as it may be, for what we ought to do — five things in the future 
of space, five actions which if you were to give me a wish list what 
would I like to see happen. No. 1 is low cost access to space. We’ve 
been into space for about 40 years now, and we have made no 
headway at all in terms of reducing the costs of space flight. I’ve 
got to put that as the No. 1 priority. All of the fantastic potential 
and the dreams which Buzz so eloquently set forth, they can only 
happen if we reduce the cost. 

We can’t launch a bunch of telescopes and we can’t get inter- 
privatization, commercialization, studies of the Earth. Cost of space 
flight is the basic common denominator which is going to allow ev- 
erything else to happen. It will allow space, in ways, to pay for 
itself It will make all those things which Buzz set forth as poten- 
tials for future space flight. They can only happen if you reduce the 
cost of space flight. 

I’ve never worked in Washington. I’ve never, you know, been at 
that level. I have been in the trenches for 30 years. And so I’m not 
sure how to implement this. But if I was where you were I would 
establish the mandate for lowering the cost of space flight as the 
No. 1 priority of space. At some level I would force NASA and 
DOD, the contractors, the industry and the commercial and private 
sectors who want to use space and who are driven by the market, 
to get together — and I would give them a mandate. And there is 
only one bottom line. And that is: lower the cost of space flight. I 
would not specify to them that it has to be a single stage or a two- 
stage or a multi-stage. 

I would leave the best thinkers in the business to come up with 
the right solution, the most simple and elegant technology to get 
that job done. Most of the conversation we’ve been talking about 
here today is from the 60’s, from what you call the golden era of 
space. There’s a reason for that — is that we had an extraordinary 
hard line task to do. And that is, go to the Moon. Going to the 
Moon defined the way we did business. 

We had to get there in 8 years. And we were told to do that. And 
we went and we did that. In 8 years we launched four programs — 
Mercury, Gemini, Apollo — and we were well on our way to a hugely 
successful space station program, and we did that within a decade. 
Because we had a mandate to go do it. And we only had one line. 
We had one statement at the bottom line: to the Moon and back 
in this decade. 

That harnessed our energies. It focused our efforts. That bottom 
line built the entire structure. It built our organization and the 
way we did business. I think if we have a single hard line and you 
made us go do it in the near term, NASA does have some very, 
very high tech ideas, technological development, very futuristic 
ideas. But the technological challenge is absolutely immense. It is 
very, very speculative. And we may get into a very, very long-term 
technological development process and we may find out that we 
can’t get there that way. And then we will band-aid that and back 
off into something else. 

I would like to see a hard bottom line that says, everyone go out 
there: low cost to space in roughly about 5 years, not 15 and not 
20 . And it’s totally reasonable. Kennedy says, go to the Moon. The 
same year we launched a Saturn. The programs back then were 2 
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or 3 year programs. And I’ll get to that a little later. I think that 
is the highest priority we have — is reducing the cost of space flight. 

No. 2: I think we ought to examine the way we do business. I 
think we need to confess to ourselves what our victories are and 
what our failures are, what we’re good at and what we’re not so 
good at. I think we need to he extraordinary hard-nosed realists 
about how we are really doing. A space station should not take 20 
years. It took 10 years to launch four programs in the 1960’s. If we 
want to do a space station in 5 years we need to get the will and 
the courage, and we simply need a deadline; and put it on paper 
and go do it. 

I think to do all the things here that Buzz, that Walt and that 
Ron put forward, I think the bottom line says just simply get on 
with it. Get on with low cost to space. Get on with the station. And 
do it. When you all gave us the privilege such as, go to a space sta- 
tion, and you say you’re going to support it and you let us embark 
on that initiative, we need to go do it and we need to have hard- 
ware in orbit within 4 or 5 years. 

It’s a perfectly reasonable thing to do. It’s only a matter of set- 
ting ourselves a hard standard and living with it. And I think the 
approach — even though I won’t spend that many details on it — the 
approach ought to be: come up with a simple, elegant, beautiful fly- 
ing machine. Start there. Do not expect the design to evolve from 
20,000 users. Come up with the best possible beautiful machine 
within 1 year, as a concept. Spend 1 other year modifying that to 
meet the major users. 

Spend 1 other year to get to a critical design. And then next 
year, 4 years later, start budget hardware. Just like we marched 
in the old days, there’s no reason why you can’t flow the decisions. 
You start with critical decisions that cascade into other places. You 
attach names and dates and you start marching around that flow 
chart that’s around the room. We simply get on with it. That was 
No. 2. 

No. 3, I would like to see a start embarking on what the human 
program will be beyond the space shuttle. I think we need to start 
on that now. I would like to see us have simple, elegant human 
machines like a reusable capsule, which is totally forgiving. It is 
low-tech. We already have the technology to do that. It is totally 
capable. And it has high margins in terms of reserves and other 
kinds of capabilities. I’m not saying that is the way to go. But I’d 
say we should not forget some of that grand technology. 

We need to include that in our thinking about what we ought to 
be doing, because the technology is great. The capability is there. 
And it’s cheap. And we know how to do that today. We ought to 
include that kind of thing in our thinking. 

No. 4: I would like to see — evaluate our priorities in terms of how 
many resources we are spending to reach the quest — the far our 
things which Buzz and Walt alluded to — and how many resources 
are in Earth orbital programs. I would like to see human programs 
which do not devour our entire space effort. We need human pro- 
grams that we fly humans to when we need humans in space. But 
we don’t have to fly humans when we don’t need to fly humans. 
And a reusable capsule is one way to approach that. A specific pay- 
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load module could be another part of the thing. You fly a specific 
payload module. That’s more details than we need to get into here. 

But I would like to see us pursue — the way to guarantee human 
space flight is to have a human space program that does not de- 
vour all of our resources. Another point is our collaboration which 
Walt mentioned. Our collaboration with partners is essential. We 
do need to collaborate. I love the partners that we have. But we 
need to do intelligent, creative partnering. We need to look at our 
strengths and our weaknesses, and we need to optimize how we 
collaborate and how we do partnership. 

We do not want to go into massive programs and try to weld cul- 
tures — how to weld different cultures, weld different technologies 
and weld ourselves together — it does not serve either of us or serve 
space flight. Partnering needs to be very creative and very intel- 
ligent. And it needs to be very selective. 

My last point is, is that there is huge grass roots support out 
there. The Congress has supported space flight incredibly for the 
last 35 or 40 years. We thank you for all that support. It has been 
absolutely loads of support. With all I do out there with the media 
but also out there hands on with the kids — yesterday I met with 
500 high risk underprivileged kids. And I told them about space. 
I mixed it up with them. They do not consider themselves apart 
from the space program — or the support of them. The safety net 
from them is in competition with space because they want to do 
Buzz’s dreams. 

They want to be part of that. They don’t want that to go away. 
That is their hope. That is their future. It’s their science. It’s their 
technology. There is huge grass roots people support for space. But 
such as to not let them down, I think the key thing that we are 
doing in the space industry is we have got to get on with it. We’ve 
got to simply do it. It doesn’t mean it is any less in terms of its 
capabilities or its qualities. We’ve simply got to, when we get the 
initiative and the resource to do something, we’ve got to get on 
with it. Thank you. 

Mr. Hastert. Thank you very much. And thank all our panelists. 
Very enlightening. I think some great vision for us to focus on. 
First I would like to allow 5 minutes to Mr. Souder, from Indiana, 
to ask questions. 

Mr. Souder. First I just wanted to clarify for the record with Mr. 
Aldrin. You weren’t claiming to be the role model for Buzz 
Lightyear, were you? 

Mr. Aldrin. I was told they surveyed names and they looked on 
a typical one, a catchy one. And I’m happy about the choice. 

Mr. Souder. They picked Buzz, right? And Dr. Musgrave, to 
start with yours because it related to some of the others, are you 
suggesting that currently we have too many missions regarding 
NASA and can’t do any of them with enough funds to back it up, 
given the limited budget? 

Mr. Musgrave. I don’t work in Washington, sir, and I don’t work 
the budget. And you know. I’m coming from here looking up. I do 
not think it’s a matter of resources. We said this station is going 
to cost $8.4 million back in 1984. By next year — 1998 — we will 
have spent $20 billion in 14 years. And there is not a single nut 
or a screw in orbit. If we simply get on with things in a logical 
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fashion in which we set hard decisions, dates on the decisions and 
attach names to those decisions and make it happen, that is the 
answer. 

Mr. SouDER. One of the problems — and at least of those of you 
who have been in space — Mr. Aldrin started out by saying, had this 
happened or this happened or this happened you would still be on 
the Moon. One of the problems that we have when we get into de- 
fense contracting — for example ITT Aerospace is in my district with 
a number of plants. They have to make radios that actually outlast 
their operators. In other words, they put so much into making it 
perfect because of what Mr. Cunningham — and I hesitate to say 
Mr. Cunningham; by Mr. Cunningham, I mean this Mr. Cunning- 
ham — that you said we’re risk averse. And that’s the cost of a lot 
of these products. 

In other words, people look at it and say, well, we could do that 
for a lot less. We could build a hammer for less than $700. But you 
can’t custom make a hammer that survives in all sorts of tempera- 
tures and all sorts of things with no risk. What tradeoff, as people 
who have been out there in space, would you be willing to make 
in the safety versus the risk if that achieves some of your low cost 
objectives? 

Mr. Cunningham. Well, I believe that, as we look at space 

Mr. Hastert. Would you please? It’s kind of noisy. If you’d pull 
that up closer I think it would be helpful. 

Mr. Cunningham. OK. As we look at space — and I’ll restrict my 
remarks to that — we need to, all of us, acknowledge that there are 
gains to be made through the utilization of space — No. 1. No. 2: 
there always will be risks in space flight. It’s the most — probably 
the most dangerous environment that man has ever gone into. So 
we know there is always going to be risks there. 

These risks — and we’re not going to be able to reduce them to 
zero — but at some level they can be acceptable relative to the po- 
tential gains from it. And we ought to reduce those inherent risks 
as much as we can, and then get on with the job, as Story says. 
Now, I don’t believe it can be zero. But the problem that I was ad- 
dressing is that in our society today, everybody is being raised to 
think that no risk is acceptable. So how can you come to an intel- 
ligent assessment of what is acceptable. I mean, no risk seems to 
be the rule of the day. 

Now, we also have things to learn about risk. And we have 
learned over the years — I don’t think I’m the only one up here that 
would say — if we look at the Russian space program, they’ve ac- 
complished a tremendous amount with equipment that I would cer- 
tainly consider much less sophisticated than we have. I don’t en- 
dorse all of the things that they do. And I think there are some 
problems. But we have learned along the way that you don’t have 
to have so many belts and suspenders as we have. We’re seeing it 
right now in the Mir Space Station. And you can still get by and 
you can still have some safety. 

Mr. SoUDER. That’s especially meaningful given you were backup 
on Apollo 1. And certainly the Challenger and the other things that 
occurred have, in a sense, scared the American people. And it’s so 
visible when there is a failure that there is a fear that the budget 
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will evaporate. It’s on national and international TV day after day 
when there’s an accident. 

Mr. Cunningham. I would like to say something about that. Be- 
cause as I think back on it. The risks always seem to be bigger to 
those outside of the program. I don’t recall — I think it was about 
3 weeks after the Apollo 1 fire, that our backup crew was promoted 
to the prime crew for the next mission. And other than a reason- 
able engineering judgment about having to fix a lot of things — and 
we didn’t even know what they were — I don’t recall ever having 
concern that there was going to be some untoward risk. I knew 
that we were going to do the best job that we could. It was part 
of what went with the job. And I don’t remember ever spending 1 
60-second minute stopping and thinking about it. 

But today every time something happens there is that concern. 
And for example, after the Challenger accident, I personally was 
concerned that Congress would find that too discouraging even to 
keep funding some of these programs. And we shouldn’t. The very 
price of progress is risk. And I don’t want to seem callous about 
human life. But lives are given up for progress every day. 

Mr. Hastert. Some of our members would like to ask another 
round of questions. And we’ll do that. Mr. Portman from Ohio. 

Mr. Portman. Thank you, Mr. Chairman. And thanks for the in- 
spirational message from all of you. It was great to hear from each 
of you as to your perspectives. And I’m getting a little pumped up 
about the space program here. I’ve traditionally been more of a def- 
icit hawk on all programs including the space station as an exam- 
ple, Dr. Musgrave. And I’ve not been able to support that for some 
of the reasons that you’ve outlined. But I probably come here as a 
lot of Americans, having enjoyed Mr. Howard’s movie immensely, 
and having grown up watching Buzz Aldrin and my constituent, 
Neil Armstrong — and want to see it done in a way that’s cost effec- 
tive and continues to be inspirational, particularly to our younger 
generation. 

Dr. Weldon has the Kennedy Space Center as his constituent. I 
have Neil Armstrong as my constituent. And I really appreciate it. 
Buzz, your talk with me earlier and your remarks today. My ques- 
tion to the whole panel — and I will direct it to everyone, but sort 
of building on what Dr. Musgrave was talking about — is how can 
we, in an era of balanced budgets — I remember in 1969, the space 
program really got underway after the 1961 inspiration with regard 
to Apollo 11, we had a balanced budget. I think we actually had 
a little surplus that year. And now we’re $3 trillion in debt at last 
count and running annual deficits. 

On the cost-effective side of it, I couldn’t agree with you more in 
terms of really saving the program. In other words, if it’s not cost 
effective I don’t think we will have the kind of grass roots support 
that you’re talking about. Do you have some specific priorities, Mr. 
Cunningham, Mr. Aldrin, Ron Howard, that you think are the top 
priorities that we ought to focus on? You talked about some about 
the various programs and gave us a nice laundry list. How would 
you prioritize those? 

Mr. Aldrin. I think reusability in our launch systems is primary. 
And I think affordability and reasonableness. We designed, finally, 
a shuttle system after several compromises. And it didn’t quite live 
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up to our expectations. The space station, as Story pointed out, was 
going to cost a lot less, going to be completed sooner, and it didn’t 
live quite up to our expectations. And the national aerospace plane 
is no longer really a project. I think we should have a little caution 
about how we chart the course and what we expect out of the next 
commitment that we make. We should make sure that it’s within 
our grasp. And most toward — I just don’t think the American peo- 
ple are going to want to see us not quite make our objective the 
next time. 

Mr. PoRTMAN. Was one of the problems — and I know there are 
lots of issues. I don’t want to get into the space station too much. 
But in a general sense, in terms of cost effectiveness — Mr. 
Cunningham talked about international partners and the degree to 
which we should be subsidizing them. I think you said that we 
need to set up a deal that’s tough in advance, and not subsidize our 
international partners. 

And some of you have touched on the issue, I think, indirectly, 
of the politics here. In other words, with the space station here, you 
might have different constituencies out there in different Members’ 
districts — that Mr. Cunningham, in your comments you were say- 
ing that shouldn’t be a factor, we should do this on the basis of the 
merits. And Dr. Musgrave was saying let’s get on with it and do 
the right thing with our private sector partners. Is that part of the 
problem generally? 

Mr. Cunningham. Well, I think over the years — I can recall back 
in the days of Apollo, one of the things that they were looking for 
was to try to make that there was some contractor in every state 
of union, because it could grab the interest of the Congressman. I 
believe that that is — while that may be politically the right thing 
to do — I don’t believe that that is economically or even on principle 
the right thing to do. 

You asked a question about the budget and how do we do these 
things. If you look back over the budget — and in my proposed pol- 
icy I make the comment that the Federal budget has gone up by 
165 percent in the last 30 years and the NASA budget has gone 
down by 50 percent in terms of real dollars. So you’re tying to get 
more and more for less and less, is one of the things. Second, if you 
take a look at the budget for the last 30 years spread out here bro- 
ken down by national defense, general science, mandatory pay- 
ments, interest and then other domestic programs, it’s pretty sim- 
ple to see that the only monetonically increasing function is other 
domestic programs over the last 30 years, being paid for out of the 
hides of the rest of categories, and most notably national defense, 
which — I object to that, as well. And the general science in space 
category has gone down until you almost can’t see it on this par- 
ticular chart. 

Another specific suggestion I might make is that when you find 
that through a recalculation that the tax revenues are going to go 
up over the next 5 years be $225 billion, that you contribute some 
of that, you find some ways of using that for something other than 
just additional entitlement programs. 

Mr. PoRTMAN. I see my time is up. Let me just make one final 
comment. Maybe Dr. Musgrave or Mr. Howard could respond to. 
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You started, Dr. Musgrave, saying that you are naive about politics 
and government. 

Mr. Musgrave. Yes. 

Mr. PORTMAN. Let me suggest this morning that you may be 
least naive of all of us by focusing, again, on the cost effective issue 
here as your first priority. And then really down the list I think 
all of your priorities were on target in terms of the political reality 
that we face. Do you have any comments on my earlier question? 

Mr. Musgrave. No, I don’t, sir. I think that will let space open 
up. That will let space get privatized. And that will let the commer- 
cial sector — that will let it become market driven. I don’t know ex- 
actly what the forces are. In terms of launch capability, the United 
States is only launching 25 percent of commercial satellites. We 
used to do 100 percent. And I don’t know exactly what is going on. 
Right know there are satellites waiting to be launched and there 
is no launch vehicle to get on this. 

It came out in the space Congress in Cocoa Beach last week. This 
satellite is waiting to go and there is no launch vehicle anywhere 
in the world to do that job. I do not know why the market has not 
driven the large aerospace companies to come up with on their 
own — with a launch vehicle. And since that has not happened, I 
think we, the government, needs to take the lead. Once we have 
those vehicles, we can hand it over to industry. 

Mr. Howard. If I could add, just to kind of again — being kind of 
a simplistic point — but, you know, coming from a business that is 
always trying to sell sort of simple ideas that people can grasp and 
decide to embrace — a movie idea, a television show and so forth — 
one of the things that we talked about a lot when we were making 
“Apollo 13” and talking about the space program and our love of 
it and its hope for the future and so forth, one of the things that 
was discussed was that in sort of a public relations tactic and strat- 
egy it might be valuable to actually come up with two lists: one, 
as I mentioned in my comments, sort of a list of things that we 
really have gained. And actually try to put a number on that, try 
to come up with some calculation that says, this has generated X- 
number of dollars for our economy. This is what we estimate. 

Here’s probably what it cost to generate the technology. And 
then, second would be to say, here are our projects — and whether 
it’s the station, whether it’s going to Mars, whatever that objec- 
tive — as you’re saying, the objective that wants to be set and estab- 
lished — to actually come up with a list of three or four key objec- 
tives, knowing that sort of broad science is a part of it, and there 
are going to be discoveries that nobody can quite calculate. But 
come up with a handful of objectives and project the same kind of 
numbers to them, so you’re actually saying to the people, here’s 
what it has cost, but look. If it’s actually like what we were able 
to generate out of the Apollo era with the technologies and the 
shuttle era and so forth, look how much we stand to gain on a mili- 
tary level, on a security level, on a business level, in terms of liv- 
ing, lifestyle. 

Mr. PoRTMAN. Sounds like the boys in Washington, doesn’t he? 
It’s got a pretty good 

Mr. Musgrave. We’ve got to continue to touch people too. Not 
just their intellect and the numbers, but you’re got to touch them 



48 


right down here. And not just in the visual. And space flight does 
that. Images and the kind of stuff And shedding light on people’s 
place in the universe. 

Mr. PORTMAN. And you all have done that this morning very ef- 
fectively. 

Mr. Hastert. Thank the gentleman from Ohio. And I know you 
have another engagement and you have to leave us. But thanks for 
being with us this morning. At this time I’d like to turn to Dr. 
Weldon, from Florida. 

Mr. Weldon. I thank the chairman. And I, too, also want to 
thank all of the panelists. This has really heen very enjoyable for 
me. And I could really sit here all day and talk space with you. Let 
me begin, though, by asking Mr. Howard — you know, I saw “Apollo 
13.” It was a great movie. I took my daughter. And needless to say 
it was a big hit on the space coast of Florida, where I hail from. 
But I don’t follow the trade press when it comes to Hollywood mov- 
ies. Was that movie a big hit or a medium hit? What would you 
say it was overall? You don’t have to give me numbers or anything 
like that. 

Mr. Howard. It was a huge hit. 

Mr. Weldon. A huge hit. 

Mr. Howard. World-wide. 

Mr. Weldon. World-wide? Is that right? 

Mr. Howard. My most successful film to date by double — double 
any film in terms of just ticket sales and revenues. 

Mr. Weldon. Well, that’s fascinating to hear that. So it was very 
popular in Asia and Europe and other places? 

Mr. Howard. Very. 

Mr. Weldon. Because I remember during that crisis of Apollo 13 
how they were actually praying for the astronauts in the Vatican. 
And I think the Pope had the Italian people praying. So I could 
readily see how it could have a huge worldwide appeal. 

Mr. Howard. There’s also — you know, we did a lot of inter- 
national publicity for it. And you know, while there might be a de- 
gree of cynicism always expressed about America from journalists 
abroad, when it came to the subject of the space program, they 
were absolutely fascinated and continued to be — the vast majority 
of journalists that I spoke to — inspired by it. And you know, I think 
their sense is that it’s one of the great accomplishments that Amer- 
ica has offered. And you know, they’re fairly dubious about Amer- 
ica in other areas and other ways. But here’s one that pretty much 
everybody seems to agree was a great, great accomplishment. 

Mr. Weldon. Did you get any feedback in terms of the impact 
it had on children? You know, if we’re going to talk about man’s 
future in space, we have to talk about kids and education. Because 
if we are going to go to Mars and we are going to go onto other 
solar systems, it’s going to be the children. And I know my daugh- 
ter very much enjoyed the movie. And she’s still in grade school. 

Mr. Howard. Well, you know, I was very pleasantly surprised by 
the way children responded to the movie. And I didn’t necessarily 
expect that. I initially went in to the film thinking it was more or 
less a historic drama, a kind of a techno-thriller. And I’d always 
been a great proponent of the space program and followed it. But 
I didn’t really understand and still don’t pretend to, honestly — ^but 
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I didn’t really understand that monumental endeavor that the 
space program represents, the years and years of diligent, focused 
work. 

And if I could add one thing about the astronauts that I met and 
actually worked with in trying to understand the mission and re- 
search the mission, all men well into their 60’s as I was working 
with them. And the comment that we all had was that they shared 
one thing: an unbelievahle passion and intellectual endurance. I 
mean, when you sat down and started talking about these mis- 
sions, we could go on until 2 or 3 a.m., and the 30-year old guys 
were burned out and the 65-year old guys were ready to talk some 
more and understand and explain. 

And there’s something very stimulating about that. And I think 
that I tried to get that feeling into the movie. And to answer your 
question, I was very pleasantly surprised by the way younger audi- 
ence members responded to it, not just in terms of box office, but 
in terms of the letters, the way the film has been used to teach not 
only the history of the space program but also physics and basic 
science in schools. So I think, for that moment, I think the film 
helped stimulate people’s imaginations. 

Mr. Weldon. Well, I’m glad to hear you talk about that passion 
issue. Because I know I see a lot of that in my district. A lot of 
those men and women who worked in the space program, they’re 
still excited, they still want to go back to Mars. In closing. I’d just 
like to open it up to the other panelists. Can we really put a dollar 
value on these kinds of things? You know, when we start talking 
about going back to the Moon and going to Mars, I’m very well 
versed as a physician with the medical spinoffs and the impact that 
that’s had on improving people’s health and the material science 
breakthroughs that have occurred. But just in the impact that it 
has had in the hearts and the minds and the passions of people, 
and particularly our young people, is it right for men and women 
in Congress to always be putting a dollar value on this program? 
I think not. I think it’s our future. 

Mr. Cunningham. I think you can put a dollar value on many 
of things such as the statistic that Ron has already mentioned. But 
whatever you come up with in a dollar value it’s going to be greatly 
undervalued because you’re not going to be able to appraise what 
it does for the indomitable human spirit, what it does for edu- 
cation. 

I’m involved with the organization called Space America Founda- 
tion. And we are preparing lesson plans and trying to get a series 
of — for science and chemistry and a variety of courses in the texts 
of schools that uses about 30 video tapes from the space program. 
The lesson ties in physics, mathematics and you name it. And 
there’s great enthusiasm from both the students and the teachers 
from being able to use examples from the space program in their 
lesson plans for their teaching. So, it’s a tremendous motivation. 

Mr. Musgrave. If we just look beyond that curtain there you’ll 
see what’s going on. It’s right there. 

Mr. Aldrin. You talk about trying to get a monetary value. Peo- 
ple can estimate what the Apollo program cost us. But what I’ve 
learned in the last 27 years is that when I speak to people sooner 
or later there’s almost a compulsion for them to tell me where they 
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were when Neil and I walked on the Moon. And I’m trying to un- 
derstand what that means. To me it means that they value not the 
rocks that they brought back or what they said, but what happened 
in their lives. Something happened that caused them to remember 
in a very positive, a very satisfying way, a particular moment. And 
I just stimulate the recalling of that. And that’s valuable to them. 
How do you put a dollar sign on that when you multiply it by mil- 
lions of people around the world. I look forward to the year 

Mr. Weldon. Do you want me to tell you where I was? 

Mr. Aldrin. I’m trying to remember where everyone was. Con- 
gressman. When I look at the year 2030 I think there are going to 
be people alive that are going to cherish the moment and the sense 
of value that they experienced in their lives by seeing a nation step 
up and make a commitment shortly after the turn of the century 
to establish a foot-hold on Mars and see that grow. 

In 2030 they’re going to say, this started out with five people, 
seven, and it’s now grown. We have 25 people thriving on the sur- 
face of Mars. And this is being supported internationally. Think of 
all the things that will come from the nations of the world dedi- 
cating themselves to the survival and the improvement of that 
small growing community. If the asteroid comes and blows us all 
up, that may be the future of humanity. And don’t think that’s — 
sooner or later a responsible society needs to guarantee their own 
survival. And survival, I think, takes an advanced, stimulating 
spirit of humanity. And that’s what the space program is all about. 
It’s not the balance sheet, what we get out of it in terms of dollars. 

Mr. Weldon. Thank you. 

Mr. Hastert. I thank the gentleman from Florida. We’ll come 
back to some more questions from this panel. First of all. Dr. 
Aldrin, a couple of things. You talked about the — and let me just 
say that this is an interesting hearing we’re having. Usually we’re 
looking into the problems in government and somebody breaking 
the laws and where dollars are misspent and all these types of 
things. In a sense, you bring us today some vision that we don’t 
usually get to look at and luxuriate. And really, for a backdrop for 
where we go in the future as politicians and Members of Congress 
and just the nature of our work, we don’t do the vision thing 
enough to use as a backdrop of where we’ve been, and what steps 
we need to take to get there. 

So, I think this is a very, very good exercise for us. And I really 
appreciate your time in helping us do this. Dr. Aldrin, you talked 
about the Star Booster approach based on the use of existing hard- 
ware. Please tell us about that briefly. 

Mr. Aldrin. I believe we need a rugged, resilient approach to ac- 
cess to space, to bringing down the cost of that. And I think that’s 
best done by a multi-stage vehicle and using something that exists 
and then making it reusable. The Boeing Co. has recently em- 
barked on a sea launch program. And they’ve chosen for their rock- 
et not an American rocket, not a French rocket, but a Russian rock- 
et — Ukrainian rocket, really. 

It’s in, I think, the first stage, with an airplane wrapped around 
it called a Star Booster — has multiple applications — first stage with 
a reusable upper stage or a capsule on top of engines and tanks. 
As Story mentioned, we can put payloads on top of that. Then that 
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can be strapped three or four of them around a core stage, like the 
external tank on the shuttle, and now we’ve got the hotel in space 
for the tourists to go to. And that hotel in space needs the same 
booster that it takes to go to the Moon and Mars. I think the public 
support will be behind the reusable spacecraft and rocket systems 
that will help them get access to space. 

Mr. Hastert. You peaked my interest when you were talking 
about solar energy. I happen to sit on another committee on energy 
and commerce issues. One of the things that we’re talking about — 
again, in the 60’s and 70’s we were talking about nuclear energy 
and it was going to be for the future and electricity was going to 
be too cheap to meter. And today, we’ll probably not build another 
nuclear reactor in this country. You talk about solar energy. How 
does that work and how do we bring it to Earth? 

Mr. Aldrin. I think in later panels — I know for a fact that we 
have experts who can tell you how to harness the energy of the Sun 
and solar in a better way than on the surface of the Earth. And 
then solar panels in space direct energy to where it’s needed on the 
Earth. Some of the economies of beaming this energy from the dis- 
tance of the Moon using lunar resources to do this prove to be a 
superior economic approach to doing this. 

Mr. Hastert. Dr. Musgrave, you talk about why we haven’t been 
able to step up to the plate, so to speak, and take the risk and why 
the private sector hasn’t done that. And certainly somebody from 
government — I’ve come out of the private sector originally — 
shouldn’t be pointing fingers at the private sector, but I would sug- 
gest that probably as long as the Federal Government was going 
to take the economic risk and build the equipment and do the re- 
search and be involved — unfortunately we get bogged down in the 
bureaucracy of the system where the private sector doesn’t. Also, 
it costs us much more to do it. But as long as we’re willing to do 
it, the private sector is not going to take that risk. You want to talk 
about that a little bit just in your viewpoint? 

Mr. Musgrave. You’re probably right, sir. But since, in 35 or 40 
years it hasn’t happened and our entire space program and infra- 
structure depends upon that I think that we ought to do it. 

Mr. Hastert. That the government ought to do it? 

Mr. Musgrave. Yes, sir. 

Mr. Cunningham. If I may answer that a little bit? 

Mr. Hastert. Sure. 

Mr. Cunningham. I’m a venture capitalist. It’s what I do for a 
living. Invest in early stage companies getting started. I can assure 
you that when there is a profit to be made in space that private 
enterprise will certainly by willing to come in and make a profit. 
It can’t be forced. It can’t be able to look like it’s a phony deal and 
there really is no profit in it. So, I take a slightly different perspec- 
tive that maybe the only way that it’s ever going to be able to get 
private enterprise involved in it is to have the infrastructure estab- 
lished by governmental bodies in one place or another. 

Whether that’s the cost of transportation, which is the key to 
making a profit in space, or whether it’s establishing power sys- 
tems in orbit that you then can plug into if you send your own sat- 
ellites up and the like. But I don’t believe that private enterprise — 



52 


and I see all these deals that come down the pike — are not going 
to do it in space until there is a profit to be made in space. 

Mr. Hastert. Mr. Howard, I just want to say I also enjoyed your 
movie. I happened to watch it at 40,000 feet halfway across the Pa- 
cific. It gave me a little bit of consternation from time to time. I 
wondered how do you get down from there? But let me ask you — 
and, again, from somebody who is out of the government sector — 
but when you make a movie you have a goal and you have so much 
money to make it, and you have a time line. And the longer that 
time line stretches out, most of our people here who have been very 
much involved in space say, just do it. Is that the attitude that you 
kind of take with a movie that if you stretched it out too long you 
can’t afford to do it? 

Mr. Howard. Well, yes. You know, it’s a much different situation 
because the film distributor is making an investment in a specific 
project. But that film distributor has a need. And that need is mov- 
ies or television shows. 

Mr. Hastert. To have a product. 

Mr. Howard. And so the real question is going to be not so much 
will they have the movie. Certainly they’re going to decide on mov- 
ies. How much do they want to spend on each individual one? And 
will that film return? And for that reason there is always — that’s 
why it’s such an impossible business to predict. And it’s so mad- 
dening for people who get into it as a business, even though compa- 
nies grown and make profits. 

Movie making — everybody sort of imagines that it’s completely 
out of control — egomaniacs running around in this totally undisci- 
plined fashion. But the fact of the matter is, that if any movie 
project goes more than about 10 percent over its budget, everybody 
is in trouble — the director, the producer — everybody is humiliated. 
It’s a bad mark. And so, they’ve somehow — movie people have been 
able to learn how to work toward a number. And that’s often what 
it boils down to. 

They make an estimate, they agree, and then there’s a kind of 
a fluidity. There’s a kind of a give and take as they go, working 
toward the objective, keeping the number in mind. And I think 
that’s how filmmakers are expected to try to live up to the targeted 
number. Sometimes it doesn’t work at all. But generally, as I said, 
there’s usually about a 5 to 10 percent differential. 

Mr. Hastert. Well, my time has expired. But the three gen- 
tleman previous who have spoken basically said, as I understand 
it, that one of our problems is that we are risk averse in our coun- 
try. And part of that is a political problem that we have, as well. 
But as Mr. Aldrin said, that we never have probably explored this 
country or done the things that we need to do if we were going to 
worry about risk all the time. And there is a certain aspect of doing 
it, saying that this is the job to do, here is our task, move forward 
and get it done, and to do it within a certain limit on dollars or 
expenditures. I hope that we can take that philosophy and start to 
move that forward. I think that’s a very positive thing to come out 
of this hearing. Mr. Sender. 

Mr. SouDER. One of the things that all of you are really address- 
ing and that we face is how to motivate people. Part of our job as 
leaders is to lead and part is to be representative of where the peo- 
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pie are. And if we get too far ahead of the people we’re no longer 
here. And this is a mixed bag in the general public. It’s fine to say, 
oh, we like the shuttle, but don’t take my Medicare check, I want 
my road, don’t raise my taxes. And so we have to also catch their 
imagination. And I wanted to start with Mr. Howard but then rip- 
ple this through, because each of you touched on this. 

You’re in a very unique position, because the baby boomers grew 
up watching you grow up as Opie, Richie Cunningham. Then you 
made the transition into making movies that impact and reflect a 
lot of our lives. You’re in a very unique position to influence the 
biggest groups of people in the society. And I commend you for hav- 
ing done so in a way that motivates. 

Mr. Howard. Thank you. 

Mr. SOUDER. But as you go into that, you touched on something 
that Mr. Cunningham alluded to. And I wanted to mix these two 
points. One is, as clearly science can motivate to a point, but it’s 
doubtful — my dad left me a Buck Rogers gun and we had the 
Jetsons, but the truth is that in spite of all the rhetoric we 
wouldn’t have had a space program without the Sputnik and with- 
out concern for the military questions, that while movies like 
“Apollo 13” were moving and had a big audience, Steven Spielberg 
has tapped into another thing, and with the adventure movies, 
“Star Wars,” when you look at the sales of “Independence Day,” 
those were really militaristic versions of how outer space works. 

And that captures the people’s minds. And looking at what moti- 
vates people, well known consultant, Dick Morris, says it’s love/ 
hate or love/anger and hope and fear. Part of this is hope, part of 
it’s fear and how to capture this. And you said in your statement 
the importance of the hope and the vision. But there also has to 
be, this is important for us as a Nation. And clearly, when you 
make movies, you had adventure in your movie, the suspense of 
whether somebody was going to die. I mean, it was a human story 
in addition to capturing the vision of space. 

Mr. Howard. Right. 

Mr. SouDER. We also — and one fundamental thing here is that 
while science is important we do some things that may or may not 
be politically important because of the future of the country, but 
Mr. Aldrin was saying and the others — Dr. Musgrave, and Mr. 
Cunningham said to a degree too is — the core question is, is it 
space that catches people’s imagination or is it humans in space? 

Is it the human aspect that when they think of a colony on Mars, 
a battle in space, what does this mean to us? Are we going to trav- 
el out there? Is it very — are we so oriented ourselves that that has 
to be — those two things have to be the key parts with science being 
something we do because it’s important and we see the benefits? 
Could you address that some as somebody who is especially moti- 
vating people — ^because if you don’t motivate them you don’t get 
them there 

Mr. Howard. Right. 

Mr. SouDER. And then each of you kind of touch on that. Because 
you’ve all been addressing this. How do we capture the human 
imagination, not just in kind of theory of what people should want 
to do. But how do you actually move them to say, yes, we’ll spend 
more money on this and we’ll sacrifice a little to do it? 
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Mr. Howard. Well, you know, there are probably a few things 
that leap to mind. One is, since we’re not involved in a sort of a 
veiled military conflict or the fear of one at the moment, there is 
a kind of, sort of like the spirit of accomplishment. And I think we 
can apply a sort of a nationalism to that, although I agree with Dr. 
Musgrave that one of the things that I love about the exploration 
of space is this idea that it pulls us all together. But at the mo- 
ment, I think, in the way that we love to see Americans win gold 
medals. I think that we’re, as a Nation, very proud of what we’ve 
accomplished and that there is a very legitimate reason to fear that 
somehow we will not sustain this lead in this area. 

This would be tragic. I don’t think that is anything that very 
many American want to think about or face. I’ve had conversations 
with astronauts talking about how they’ve had more inquiries from 
other governments about ideas that they’ve put forth than the 
American government. However, I’m not an expert and I don’t 
know whether these individuals’ ideas really had merit or not. 

But the fact of the matter is that we are not the only ones look- 
ing into the possibilities of space exploration. Yes, we’re still in the 
lead. And I think that is a reason to fear, to have some fear. And 
while there’s not a direct opponent, that the idea of just sort of 
kicking back and saying, we’ve done that, is poor thinking. And I 
think that can be dramatized. And that was also why I was making 
the point earlier about everything that’s been achieved and the pos- 
sibilities for achievement. 

If there is a superior energy resource that can be achieved, then 
as a Nation wouldn’t we like to be the ones that present that to 
the rest of the world? Wouldn’t we like to be in the lead? I think 
that there are ways of presenting it as very important to our lives 
in the future. Of course, there is always this spirit of adventure 
and the pioneerism. We’re a Nation of pioneers; everybody relates 
to that. 

Mr. SouDER. I would like to hear the other three panelists ad- 
dress this too. If you could expand in addition to national pride, is 
there a reason to fear that if somebody got there first they could 
control us or other nations if they had the wrong motives or control 
energy sources and not be necessarily as willing to share with man- 
kind? 

Mr. Musgrave. I might go back to the question that went to 
Ron. The kinds of science that people can really appreciate are the 
data that comes to them in a direct, perceptual sense. It’s hard for 
them to understand maybe an equation when they’re not experts 
in that discipline. But when you can present something which is 
directly perceptual such as an aesthetic visual image of astronom- 
ical data or of looking at Earth or other things, that really does 
work. I have found the human experience, they do vicariously want 
to go into space. 

We are just representative of them and have that privilege. But 
if we penetrate the head and the heart they are far more appre- 
ciative in terms of what you give them as opposed to a list of what 
you did and a chronological history of events that occurred if you 
give them what is going on in your head, your experience of the 
work that you are doing, your perception of how your body is doing 
in this environment that it was not designed to be in, then that 
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touches. If you present it and let them live space through a char- 
acter the same way Ron’s movie does or the Spielberg ones, it is 
always through some characters that the drama takes place. So to 
let the public lie that through a personality, I think, is important. 

Mr. Cunningham. I’ve always — I think almost always found that 
when I’m abroad there seems to be more grass roots enthusiasm 
about space and about what we’re doing. Some of it you might put 
in the — probably the nature of envy in the sense that they don’t 
have the same level. Maybe they would get more blase if they did; 
but I doubt it. I think that’s kind of a characteristic of the Ameri- 
cans. We tend to get this tremendous accomplishment. Then we 
start taking it for granted and we just get blase about it saying, 
“I already did that.” 

I’ve also always been confused by the fact that for the last 20 
years at least I’ve listened to the debate when they start talking 
about the space budget — usually it’s a fight every year — and Con- 
gressman say, well, I don’t see the support in my district, or it 
doesn’t seem to be a gut level issue. And yet in my involvement 
with that same public out there, I always feel — it’s at least a 90 
percent positive response even when I discount it for the fact that 
they’re talking to an astronaut and would like to encourage me. 
There always seems to be a gap between what you gentleman may 
be getting from your district and what I would see if I was out 
there in that district. 

And I sometimes wonder when we look at these priorities — be- 
cause we have those tradeoffs. I’m at the age when I’m concerned 
about Medicare now, too, myself But there has to be some sac- 
rifices someplace. But is it the public’s priorities or sometimes 
could it not be the politicians defining the public’s priorities by 
making appeals to the electorate in certain areas. There is no ques- 
tion that when it comes to pocket book issues it’s a more effective 
appeal to somebody if you’re going to give him something than it 
is if he sees that you’re spending something for it. 

Going back to John F. Kennedy’s statement. He wasn’t reflecting 
any grass roots push to announce a program like this. I mean, he 
was stepping out in front. And I don’t think it’s ever going to be 
the grass that’s going to demand one of these kinds of programs. 

Mr. SOUDER. Can I interrupt you just a second? 

Mr. Cunningham. Yes. 

Mr. SouDER. The fact is, though, I remember a bomb shelter in 
our basement when we were putting things away and we were 
fearful of the Russians getting up there. I think there was more 
grass roots to do something that you’re — I understand, maybe not 
in the way he was. But there was a grass roots support that was 
driving from a defense standpoint. 

Mr. Cunningham. Also there’s also no question that there really 
was a space race. And that was essentially a battle in the cold 
war — is what it really boiled down to. 

Mr. SouDER. Yes. 

Mr. Cunningham. But when I’m talking about going to putting 
a man on the Moon, that went beyond just defending against rock- 
ets in space. 

Mr. SouDER. Yes. 
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Mr. Cunningham. I think it takes somebody to verbalize this vi- 
sion. It gets accepted by the public if it appeals to their heart. 
Something in here has to grab you that makes you excited about 
it. 

Mr. Aldrin. I think if I understand you, the public participation 
and identification and association with what we’re doing in space 
is essential. Look at the popularity — the world’s most popular mu- 
seum is where we are right now. The popularity of space camps, 
of Challenger centers — the young people and adults want to see a 
hands-on participation, when it’s, in the next several years, some- 
one having an experience for a limited time to control the move- 
ment of a robot on the surface of Mars — sure, it’s a robot, it’s a ma- 
chine — but there is a person and he’s looking forward to his in- 
volvement in doing that. Vicariously, through virtual reality, I 
think people want to get involved and be a participant in this. 
That’s why they come to all these museums. I think that that’s why 
they want to participate — maybe it’s vicariously — in cheering the 
winner of a random drawing of shares for a ride to go into space 
or they’re taking a chance of some sort and then getting a little bit 
of a surprise. I think it’s that kind of participation and involvement 
which is absolutely essential to broaden and give concreteness to 
this thin veneer of support for adventure that has often weighed 
against the press of the immediate demand. I think we need that 
continued involvement. 

Mr. SouDER. Thanks for your efforts here today and also just 
across the country in helping boost interest. 

Mr. Hastert. Dr. Weldon, do you have any questions? 

Mr. Weldon. I just had a quick one for Mr. Cunningham. How 
did we get to where we are, assuming your analysis here is cor- 
rect — and I believe there is some validity in what you’re saying — 
going from a society that’s willing to take chances to — a risk free 
society. You know, was it Vietnam? Was it Hollywood playing a 
role? Or is it the trial attorneys? I mean, how did we transition to 
where we are now, assuming your analysis is correct? Is it all of 
the above? 

Mr. Cunningham. No. I think I could be a little bit more specific 
than that. It’s quite a political statement. I believe that for 30 or 
40 years in this country we have been moving toward what’s been 
characterized as a liberal philosophy that wants to do things for 
people, not hold people responsible, not challenge them. You know, 
every time you turn around there’s talk about safety nets instead 
of meeting obligations, taking a challenge, being responsible for 
yourself and your own results. 

It takes a lot longer discussion than I have here to say how that 
slippery slope got started. And each time it moves slowly and inex- 
orably along we almost forget where it started at one time. But I 
believe that is a part of it. It’s a difference in the kind of philos- 
ophy that has been projected in this country for many years. I 
think I see a swinging of the pendulum back to some degree. But 
as long as we don’t hold people accountable for their actions so that 
when they do take a risk they see that there’s both a possibility 
for reward and failure. 

I’m one of those that believe that it’s a tremendous luxury that 
we have in this country — is the right to fail. Because without the 
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right to fail there can he no real wins, no real victories. It’s the op- 
posite side of the same equation and we have to have that oppor- 
tunity. You have to he able to see the failure in order to know that 
you want to succeed next time. How many people do you know; 
how many stories have you heard in this country of those who have 
tried and tried again and eventually they succeed tremendously? 

We have the greatest society in the history of the world to allow 
that to happen. If we don’t kill it, it will go right on happening. 
But it’s our responsibility to see that it doesn’t stop. 

Mr. Weldon. So if I understand you correctly, it wasn’t Holly- 
wood, the trial attorneys, it was Washington, DC that has led us 
down this path? 

Mr. Cunningham. Of those — the characters that you named, I 
would say yes, Washington is probably more responsible than the 
others. 

Mr. Weldon. Well, I’ve only been doing this 3 years, sir, don’t 
hold me accountable. 

Mr. Cunningham. I don’t hold you responsible. 

Mr. Weldon. I yield back the balance of my time. 

Mr. Hastert. Well, I thank this panel. You’ve been incredibly 
candid. You’ve given your time and I know it’s a precious com- 
modity. We’ve had you before us almost 2 V 2 . hours, which is more 
than we should ask anybody to have to do. Thank you very much. 

I just have to be remiss. We’ve talked about Mr. Howard’s film. 
Dr. Aldrin, I understand that you’re writing a book, “Encounter 
With the Tiger.” It’s a space analogy and taken from a lot of your 
own experiences. And I’m sure you’re going to get a lot more people 
involved in what space is all about through this endeavor. So, 
thank you very much. And thanks for being with us today. We real- 
ly appreciate your candidness and contribution. 

If I may, I would ask our second panel to come forward. If I may 
ask, I would ask our second panel to stand and be sworn in before 
I formally introduce each of you. 

[Witnesses sworn.] 

Mr. Hastert. Let the record show that the witnesses responded 
in the affirmative. Please be seated, gentleman. I’d like to formally 
welcome our second panel: Dr. Peter Glaser, who served as a 
project manager for Apollo 11, Dr. Richard Berendzen, a professor 
of physics at the American University, Dr. David Webb, who serves 
as a consultant to developing university and research programs in 
space science, and Dr. David Criswell, who serves as director of the 
Institute of Space Systems Operations in the University of Hous- 
ton. 

And gentlemen. I’m going to ask you if you could kind of summa- 
rize your statements. We’ll try to keep them in 5 to 7 minutes, in 
that area. Your written testimony will be entered into the record. 
So gentlemen, thank you very much and please be seated. Dr. 
Glaser. 
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STATEMENTS OF PETER GLASER, VICE PRESIDENT, ARTHUR 
D. LITTLE, INC.; RICHARD BERENDZEN, PROFESSOR OF 
PHYSICS, AMERICAN UNIVERSITY; DAVID CRISWELL, DIREC- 
TOR, INSTITUTE FOR SPACE SYSTEMS OPERATIONS, UNI- 
VERSITY OF HOUSTON; AND DAVID WEBB, CONSULTANT, 
SPACE SCIENCE AND ENGINEERING 

Mr. Glaser. Mr. Chairman, I am delighted to be able to 

Mr. Hastert. If you’d all pull those mics up. It’s noisy in here. 
You almost have to talk right in them to get a good coverage. So 
I’m sorry. Dr. Glaser. 

Mr. Glaser. I’m delighted to be invited to speak on a subject 
which has been of interest and my major effort over the past 40 
years. And that is to look at the Sun and see the best way that 
we can get solar energy converted in a way which we can then 
beam back to Earth to serve the major needs we see in a global 
sense. 

When I first came up with this concept in 1968, officially, when 
I talked about it, it looked like science-fiction. President Kennedy’s 
plan to land a man on the Moon within 10 years was considered 
a great gamble. I believe that this subject from power from space 
for use on Earth is a logical outgrowth of all the work that we have 
done in the country in space because it is not just something that 
people will admire as a result of prowess. But people will require, 
because of the necessity to continue to live a better life and to en- 
sure that we not destroy the ecology of the Earth by going the 
wrong way. 

Therefore, I am an enthusiast for solar energy in space and on 
the ground. I have had the privilege of testifying before both Sen- 
ate and House committees, and I would refer much of the basic and 
a lot of the information that I have presented there for you to ex- 
amine. I also will present you more updated information. Now, it’s 
important that NASA and the Department of Energy studied this 
whole solar power satellite aspect from 1970 to 1980, and the con- 
clusion was that no single constraint was identified which would 
preclude the development of solar power satellites — just a name 
I’ve given it — for either technical, economic, environmental or soci- 
etal reasons. That was the conclusion. 

Now, in the year 1995-1996 NASA performed a study. And that 
study concluded — I just got the final report — new technologies and 
system approaches developed in the past 15 years have the poten- 
tial to make solar power satellites far more feasible than was tradi- 
tionally believed. That was the latest information from NASA. I be- 
lieve that power from space should be an integral part of global de- 
velopment goals. It is an acceptable approach to decrease the 
unsustainable rate of population growth by meeting the insistent 
demands for higher living standards. 

Currently we the population reaching some 10 billion people by 
mid 21st century, and one half will live in cities by 2000. And the 
current migration of 150,000 people per day into cities will increase 
to about 250,000 with some major effects. Today we hope to reach 
the goal of 3 kilowatts per person, which is about 30 billion kilo- 
watts. Now, that’s thousands of modern nuclear power plants with 
problems we have not solved yet. 
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Therefore, increasing energy supplies and generation methods 
compatible with the ecology at affordable costs will be required on 
a global scale. There is a widening recognition that power from 
space is relevant and beneficial to life on Earth. And the growing 
international interest is approved there of Because today people 
are working on the subject in Canada, in China, in Europe, India, 
Japan, Russia, Ukraine, and certainly the United States. And these 
are things that are in the literature for everyone to see. This is not 
just some hearsay. 

Space power systems have been demonstrated of increasing scope 
with wireless power transmission across limited distances on 
Earth, maintain high altitude long endurance aircraft forever, if 
you want, up in air, and beaming power from a rocket from a 
spacecraft, which was done by the Japanese. We know that we can 
do this kind of technology because it is based on 100-year old 
science and technology developed by Hertz, developed by Nikola 
Tesla. 

I have proposed a SPS — solar power satellite — development pro- 
gram to permit near, mid and long-term benefits of this applica- 
tion. We need to have an appropriate framework for these oper- 
ations. Because this eventually will be international, just as com- 
munication satellites are international. And this international tech- 
nological community has shown that the objective of solar power 
from space for Earth can be realized, and that well-planned future 
efforts can achieve the promise of space endeavors which you have 
just heard from the previous panels. 

All of these things can be the basis for doing the applications I’m 
talking about. I know the first development steps are always the 
hardest to take, to demonstrate that the promise of power from 
space is real, by placing increased reliance on the inexhaustible en- 
ergy of the Sun will ensure that all forms of life can continue to 
flourish on Earth. Thank you, Mr. Chairman. 

[The prepared statement of Mr. Glaser follows:] 
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SOLAR POWER FROM SPACE FOR USE ON EARTH 


Background 

Nikola Tesla, the inventor of wireless radio and electrical generating machinery, stated in 
1881: "...Throughout space there is energy. If static - our hopes are in vain; if kinetic • 
and this we know it is for certain - then it is a mere question of time when men will 
succeed in attaching their machinery to the very wheel work of luture.* 

Our article "Solar Power Satellites", published in Science, November 1968*, was based 
on the presentation to the Intersodety Energy Conversion Conference, Boulder, 

Colorado, August 16, 1968. The conclusions offered in Science were then, and are now 
still appropriate: 

"We should not underestimate the development efforts that will be required to 
construct, launch, and operate the suggested Solar Power Satellite, SPS, (with the 
objective to provide power to Earth continuously). At this time, solution of most of the 
difficulties is expected to be within the projected capabilities of systems engineering, 
and will not require the discovery or development of new physical principles. The 
search for power from the Sun appears to be less of a technological gamble than it 
seemed when President Kermedy first announced the objective of landing a man on the 
moon, and returning him to Earth, in ten years. In fact, projects such as the 
development of SPS may prove to be a logical outgrowth of achievements in space, and 
may help lead the world into an era in which an abundance of power could free 
humans from their dependence on fire." 

The conquest of space, was demonstrated by Neil Armstrong when he set foot on the 
moon on July 20, 1969, and told the world: "That's one small step for a man, one giant 
leap for mankind." It was this "small step" that made it worthwhile for NASA and the 
U.S aerospace industry to consider our 1968 proposal to obtain power from space. 


* Selected Rcfsencca on page 7 


- 1 - 
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Our iirst presentation on 5PS at NASA was made to Dr. James Fletcher^ NASA 
Administrator, in 1970. Subsequently NASA Lewis Research Center, Marshall Space 
Flight Center, and Johnson Space Center performed a series of studies on the required 
technologies until 1976. The Department of Energy in cooperation %^rith NASA 
conducted the SP5 Concept Development and Evaluation Program %vith the objective: 

"to develop, by the end of 1980, an initial understanding of the technical feasibility, 
economic practicality, and societal and environmental acceptability of the SPS concept." 

This assessment concluded that no single constraint was identified which would 
preclude the development of SPS for either technical, economic, environmental or 
societal reasons, that the NASA SPS Reference System to supply 5 million kW of 
continuous power on Earth is amenable to evolutionary development, and that the SPS 
is technically possible. 

In view of the promising results of SPS assessments by NASA and the Department of 
Energy, Congressman Flippo, Alabama, introduced H.R. 11725 in the 95th Congress, 

2nd Session, March 22, 1978: "...to provide for a research, development, and 
demonstration program to determine the feasibility of collecting in space solar energy to 
be transmitted to earth and used to generate electricity for domestic purposes." 

Hearings before the Subcommittee on Space Science and Applications and the 
Subcommittee on Advanced Energy Technologies and Energy Conservation, Research, 
Development and Demonstration, of the Committee on Science and Technology were 
held in April 1976 but the bill did not receive due consideration. 

The National Commission on Space report. Pioneering The Space Frontier, had a positive 
View of SPS: 'The ideal space enterprise would have a stable, predictable, very large 
market on Earth, a potential for export sales, and once established, would not be 
dependent on Earth-to-orbit transportation costs to generate continuing revenues." 

From today's perspective of global challenges which will have to be faced in the 21st 
century, the SPS program, if it had been pursued by the United States as proposed by 
NASA, could have led to a convergence of current activities by space-faring nations to 
meet the political, economic, and ecological challenges in the Zlst century, as there are 
several concerns with the viability of currently known global energy supiply options. 

-2 
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The "Fresh Look" Study on future SPS systems performed by NASA during 1995-96, 
included: "... architectures, innovative systems concepts, technologies and the 
associated infrastructure based on new technologies and system approaches that 
emerged during the past 15 years which have the potential to make space solar power 
far more feasible than is traditionally bebeved. This study concluded: Very promising 
results of this study emerged from preliminaiy market and economic analyses." 

Rationale for Power from Space 

Power from space should be an integral part of global industrialization goals to meet 
the insistent demands for higher bving standards of the exponentially growing 
population, estimated to approach 10 billion by imd-21st century. One half of this 
population will bve in cities by 2000. The current migration into cities of 150,000 people 
per day will increase to about 250,000 per day in 25 years. Future cities may have to be 
built in the oceans off the coasts of continents to conserve land for food production, as 
discussed at the "Ocean Cities" Conference, Monaco, November 20-23, 1995, with 
power possibly supplied by SPS to offshore receiving antennas. 

An acceptable approach to decrease the unsustainable rale of population growth over 
tune is to raise the bving standard of the people. To approach the goal of 3 kW per 
person, about 30 bilbon kW would have to be suppbed to meet the demands of the 
global population by mid 21st century. To meet this goal increasing energy suppbes and 
generations methods compatible with the ecology, and at affordable costs will be 
required on a global scale. 

Alternative energy development on a global scale will begin to be dominant m the post- 
2C20 period, because of the extended construction lead-tiines of conventional power 
plants in various planning stages, and the associated energy resources infrastructure 
investments . Over the next three decades capital requirements are estimated to range 
between 13 to 20 trilbon ($1990J in the energy sector to keep pace with the doubbng of 
energy use m emerging economies where most of the population growth will occur. 

The latter amount equals the total global economic output in 1990. 

There will also be an unprecedented shift in economic actavities during the next 
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decades, %vith several emerging economies powing at least twice as fast as those of 
nations with mature economies. The impact of these economic activities will result in 
greatty increased consumption of available fuels. This will increase the potential 
degradation of the Earth's ecology if primary reliance will be placed on cuircntly used 
energy sources to meet the foreseeable global energy demands. In addition finite 
terrestiial energy resources have already passed their peak availability. The economic 
impacts of potential energy cost escalation of terresthal energy sources by mid-21st 
century have not yet been fully taken into account 

The Power from Space Options 

There is widening recognition that SPS and assodated benefits are of increasing relevance 
and importance to life on Earth. Increases in living standards would lead to reduced 
population growth and mitigate the projected negative impacts on the Earth's ecology. 

Wireless power transmission is key to accessing the inexhaustible energy of the Sun 
with SPS. The use of wireless power transmdsion for SPS is based on the discovery of 
Hertzian waves in 1884^ and efforts by Tesla to demonstrate this technology for long 
distance power transmission on Long Island, New York, in 1907. The practical uses of 
effective wireless power transmissioa reception and conversion have been developed 
during the past 50 years. As a result of the current %vide uses of wireless power 
transmission for applications in homes, and industry, the lequircd technologies meet 
Internationa] standards to ensure the health and safety of the pubBc. In addition 
the capabibUes of a wide range of space systems including direct conversion of solar 
energy to electricity in space have advanced ^nsiderably. 

Space power system investigations of increasing scope and complexity conducted in the 
past 30 years included: wireless power transmission over limited distances on Earth, 
maintaining high-altitude, long-endurance aircraft on station, power relay sateUites to 
transmit power across intercontinental distances, SPS located in Earth orbits and on the 
lunar surface. Such projects will be important to demonstrate rebable and effective 
operations, to meet a g re e d upon performance requirements, to comply with applicable 
standards, regulations and the existing legal framework protecting the public and the 
environment, and to raise the required investment funds from public and private sources. 
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Advances in space technologies have made it possible for satellite communications 
to create the Global Village, weather predictions to provide more accurate information, 
remote sensing data to serve a growing mari^et, and spacecraft to obtain scientific data 
about other bodies in the solar system. Hiere te a distinct possiUlity that future 
space operations would make it possiUe to use extraterrestrial materials and solar energy, 
in eosiMnation svitii ter re s trial resources to benefit life on Earth. There is a gio«ving 
understanding of the range of issues that an significant for the evolutionary development 
of SP5 as alternative global energy supply options. 

The gro«vmg international interest in SPS today includes activities in Canada, China, Europe, 
India, Japan, Russia, Ukraine and the United States, as reported at meetings of United 
Nations Agencies, and professional societies. These activities wjSl be discussed at the SPS *97 
Conference, August 24>28, 1997, Montreal, Canada. The extensive international literature on 
technical, economic and societal issues, indicates that there are no Imown show stoppers to 
the development and introduction of SPS. Therefore, this global option is worthy of 
receiving serious consideration by industry and governments. 

There are many specific issues pertaining to SPS : frequency selection, operational 
safety in space and on Earth, integration %vith terrestrial power grids, location of 
receiving antennas on land and ofbhore, and compliance %vith constraints imposed by 
economic considerations, ecological requirements and societal acceptance. 

A stepwise SPS development program will permit near-, mid-, and long-term benefits of 
applicable technologies to be demonstrated to satisfy potential investors, to obtain 
international cooperation, and to comply with legal and regulatory fnmeworks 
applicable to space operations. This approach also will include arrangements with 
industry to satisfy future power demands, and to meet the lequirements for global 
beneficial space activities as is already the case for telecommunications. 

Since currently used energy sources face diverse challenges which will limit their 
expansion on a scale essential to ensure the dotted access to energy, and to achieve the 
goal of equitable and sustainable development, it is fortunate that parts of the solutioa 
including terrestrial renewable energy sources to meet future global energy needs 
already exist. 
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Now is the time to select the most desirable power generation options before new 
comsiitments are made that would result in long-term end potentially deleterious 
effects on all forms of life. These options include terrestrial renewable energy 
sources as %Nrell as die SF5 to protect this unique planet and its fragile ecology^ and to 
ensure dut the energy of the Sun will continue to maintain life on Eardb 

In the 21st century SPS can be the key component of the global energy supply 
infrastructure with long-term benefits, capable of safeguarding the ecology of 
the Eardt and ensuring equitable and sustainable future benefits. 

To achieve the goal of providing energy from space for use on EartK SFS development 
and implementation programs will have to be planned on a scale and tiine frame 
extending well into the 21st century. Whan Arthur C. Dark proposed in 1945, that 
global communications should be based on orbiting satellites, his proposal was 
considered to be in the realm of science fiction, and highly unlikely to he realized. 
Achieving the goal of global communications is today accepted as essential for the 
functioning of the ^obal community. 

There are no assured or easy solutions to the major global challenges foced by society in 
the 21st century. The SPS holds significant promise as a unique option to ensure the 
tangible benefits for generations to come. One of the significant advantages of 
developing SPS is that there are many intermediate steps that can be taken, with each 
step justified on its own merits. The lessons learned may even permit future endeavors 
which today can only be seen in broad outline such as diverting asteroids or comets 
from potenbal collision with Earth. 

The results of investigations, experiments, demonstrations and future plans by the 
mtemational technical community on this subject are available. They show that power 
from space for use on Earth is not a dream, and that well-planned efforts can achieve 
the goals and potential of future space endeavors. The first development steps are 
always the hardest to take to demonstrate that the promise of power from space is real. 
There is every reason to be confident that the power from space option based on the 
Sun's energy can meet the challenges humanity %vill face on Earth in the future. 
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As Plot J.D.Bemal foresaw in 1969;'.. Jf may be that in the future, man will be 
indifferent to stars except as spectacles, but if (and this seems more probable) energy is 
still needed, the stars caimot be allowed to continue in their old ways, but will be turned 
into efficient heat engines.' 

Sir Arthur C. Clark when asked about the energy shortage of 1973 replied; “There is no 
shortage of energy, there is a shortage of intelligence'. 

We can only partially project the benefits that will be available when the energy of the 
Sun is combined with known and proposed space teclmologies. The Wright brothers, ‘ 
after they flew their airplane at Kitty Hawk, could not foresee file impacts global aviation 
has today. Today we can discern only the outline of a new era, when the aspirations of 
humanity can be realized in harmony with nature. Placing reliance on the inexhaustible 
energy of the Sun will ensure that all forms of life can flourish. 
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Mr. Hastert. Thank you, Dr. Glaser. Dr. Berendzen. 

Mr. Berendzen. Thank you, Mr. Chairman. Thank you, mem- 
bers of the committee. And congratulations on holding this hearing 
and where you decided to hold it and when. You know, we’re sur- 
rounded by the icons by this Nation of this century. They’re pre- 
cious to us. A moment ago, I went on the outside and looked at the 
people. There are thousands of them: men and women and children 
and grandchildren and grandparents of every race, creed, color na- 
tional origin, male, female. Do you have any doubt of the interest 
of space across this Nation? 

Those are not astronauts. Those are not scientists. Those are not 
engineers. But it’s the most popular museum in the history of the 
world. And think of what is here today. Behind us we have lunar 
landers. Think of the museum a century from now if we have the 
proper verve. Mars landers. Not just lunar rocks, but Mars rocks, 
asteroid rocks, water from the moon of Titan, even hydrocarbons 
from the distant Titan itself. And then consider what all we might 
do. Even communicate with human beings and habitats elsewhere. 

I happened to be at the opening night of Mr. Howard’s spectac- 
ular film. I saw in northern Virginia in a crowded theater. At the 
end of the film for the first time in my entire life, I saw everyone 
in that theater — that jaded audience of Washingtonians — rise to 
their feet as one, cheering, applauding, screaming in adulation, in 
part because it was such an expiring movie, but also because it was 
sheer Americana. It was we, we did and we will again. Well, if I 
may turn to my comments. 

Those who came before us expanded their compass and went be- 
yond. History shows that the peoples who pursued their quests 
maintained a national vitality and reaped rewards beyond their 
initial hopes. Our forbearers also looked at the night sky in awe. 
Many people today want to reach the next frontier, to venture from 
cradle Earth and to voyage to other worlds. Humans crave explo- 
ration. They want to do more than survive. Today we are poised 
to explore the greatest frontier of all with humans and machines 
working together. 

As this millennium ends this Nation can leave an inspiring and 
challenging legacy for the 21st century. It can set long-term plans 
to explore the solar system, place humans on Mars and build out- 
posts off of our planet. For such long-term, far-reaching efforts the 
final rewards will differ from what we forecast today. Moreover, the 
most important things in life, those we cherish the most, do not 
permit a cost-benefit analysis. Try computing the cost-benefit of pa- 
triotism or courage or love. But with limited resources and pressing 
needs, the Nation should consider its desire for and commitment to 
exploration. 

How much do we really want to visit other worlds? Are we will- 
ing to pursue work that will bring immediate benefits, but whose 
major rewards will come in the future. We shall find no hospitable 
world trivially ready for colonization, and the effort to get there 
will be substantial. But consider the potential benefits. From a 
major stimulus of technology, research and development and 
science education to epochal findings in planetary sciences and 
many other fields. Such endeavors will boost diverse industries, 
stimulate much of our national economy, and create jobs at all lev- 
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els and many disciplines, and present a unique, even historic op- 
portunity for American leadership and the world community by fo- 
cusing efforts of many nations on this greatest of all human adven- 
ture. 

Of this we can be sure. Humans will explore Mars and go to the 
furthest reaches of our solar system and beyond. The insightful 
question is not if humans will do so, the right questions are who 
will do it and when. With proper planning, the United States can 
offer the answer: Americans early in the next century. T.S. Eliot 
stated, “We shall cease from exploration and the end of our explor- 
ing will be to arrive where we started and know the place for the 
first time.” Was he right? 

Also, will our voyages of discovery return us to where we started: 
to our planet, our Nation, ourselves? Through long-term space ex- 
ploration we can establish our niche in time. Centuries from now, 
even voluminous history books will truncate much of what 
engrosses us today: recessions, political races, even mini wars. In 
time all these will become brief entries in the sweep of human 
achievement. 

But a few extraordinary accomplishments will tower forever. 
Apollo 11 landing surely will be one of these. Human landing on 
Mars will be another. And proof of the existence of life, present or 
past, on another world would stand as a benchmark in all of time. 
We wish to explore for tangible reasons too. Such efforts will in- 
crease our understanding not only in scientific fields, but also in 
management, business and even the arts and humanities. Yet an- 
other drive compels us to explore. For we are Americans. No other 
people in modern history have benefited so much from exploration 
or contributed so much to it as the people of this Nation. 

It is our tradition and our culture. It was from the experiment 
of our democratic society to the reaches of our scientific quest. We 
are explorers. Without exploration we could not be. For the next 
generation, for the Nation’s third century, space exploration will 
constitute a natural continuum of the American adventure. 

What, then, should this exploration be? Superficially it would be 
a plan to take robots and then humans to Mars and eventually 
elsewhere in the solar system. But saying only that would no more 
encapsulate it than saying that Yosemite is just real estate or the 
Star Spangled Banner is just a song. Space exploration constitutes 
many things, tangible and intangible. Among them, science and 
technology. That to enable the exploration and that that the explo- 
ration will enable. Economic benefits prompted by significant stim- 
ulus of the Nation’s most advanced technologies. Quality of life. All 
those space exploration deals with other worlds, it’s applications 
are actually down to Earth. 

Space exploration could make our lives more comfortable and 
even more secure. Education, both for future scientists and engi- 
neers and for scientifically literate citizens generally. International 
cooperation, both with our traditional allies and our traditional ad- 
versaries; national pride and international respect. Apollo brought 
pride and respect. Twenty-first century space exploration, even 
bolder and even more ambitious than Apollo, will do so as nothing 
before in history. 
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Young people need to know that their Nation chooses rigorous 
goals, applies itself resolutely and achieves its objectives. And 
space exploration will create a new generation of heroes. As histo- 
rian Arthur Schlesinger, Jr. has argued, “If our society has lost its 
wish for heroes and its ability to produce them, it may have turned 
out to have lost everything.” 

To undertake such exploration will require courage. It entails 
risk, even danger. But we should remember Ralph Waldo Emer- 
son’s dictum: “Every wall is a door.” Can we find the door? If we 
do, will we open it? Shall the Nation continue its bold and daring 
heritage. Adults ponder these matters, yet they actually belong to 
the children. This is the stuff of their dreams, and will shape their 
world. Children gaze at the night sky in awe. Adults, caught up in 
the day to day concerns can forget the wonder and lose the mys- 
tery. 

What a loss when that happens. For child-like curiosity has in- 
spired American achievement. Beyond the benefits for space, tech- 
nology, the economy, quality of life, education and even pride, such 
exploration is about providing a vision. This undertaking will span 
decades. Many of its principle beneficiaries are now infants or not 
yet even born. Our foresight and determination will become their 
lodestar. More than a major NASA program, a scientific quest or 
a technological challenge, space exploration is a reaffirmation of 
American leadership at large and left indelibly on the pages of his- 
tory. 

It is America at its best, doing what only America can do on such 
a scale: dream, plan, invest, achieve and lead our people and people 
everywhere to old aspirations, continuing hopes and new accom- 
plishments, lead them to other worlds and to the future. Thank 
you. 

[The prepared statement of Mr. Berendzen follows:] 
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Those who came before us yearned to expand their compass, go beyond, forge the river, climb the 
mountain, reach the other side. Once there, the content among them tarried. But others — always curious, 
always seeking — wanted to know more. They wanted to grasp what was beyond their reach. So they 
continued — ultimately to cross oceans and span continents. History shows that the peoples who pursued 
their quests maintained a national vitality and reaped rewards beyond their initial hopes. 

While our forbearers traveled past their parents’ boundaries, they also looked at the night sky in awe. To 
them, the heavens brought wonder and mystery. Like the explorers and pioneers before them, multitudes 
of people today waril to reach the next frontier — this lime to leave cradle Earth, our birthplace and our 
home, and to voyage to ether worlds ... and thereby to develop new technologies and discover new 
insights. 

What compels us so? Is it genes, curiosity, impatience, destiny beckoning? Whatever the impetus, 
humans crave exploration. They want to do more than survive. They want to journey, to experience, and 
to know. Today, wc are poised to explore the greatest frontier of all — the endless boundaries of space — 
and to do so w’ith humans ai.d machines working together as colleagues. As this millennium draws to an 
end, this Nation — and only tliis Nation— can leave an inspiring, challenging, visionary legacy for the 
2 1 St century. It can set long-term plans to explore our solar system, first with robots and then with 
humans. It can place humans on Mars, build outposts off of our planet, and propel us into the future. 

But why should we explore, be daring, go so far? In part because we are the new Columbuses and space 
is our New World. Five centuries ago, in the Age of Exploration, intrepid souls probed new frontiers. 
Today that same drive, curiosity, and zest for the unknown motivates a new generation of explorers. But 
in Columbus’ lime, disease, famine, and poverty racked much of Europe; in our day, social ills still 
abound. Yet, in the I5th century, some government leaders and brave adventurers saw wisdom in 
investing a small percentage of available resources in going beyond their kin. At the outset, they assumed 
returns they might gain; ultimately, though, this option on the future yielded unexpected rewards. So too 
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will it be in the 2l5t century. Clearly, the Nation must address its social needs and must spend taxpayers’ 
money prudently and only when necessary. Nonetheless, it should spend — actually, invest — a small 
portion of its total GNP and human effort in exploration and the future. 

We can be sure that for such long-term, far-reaching efforts as planetary exploration, the final rewards 
will differ dramatically from whatever we forecast today. What is more, the most important things in 
life — those we cherish most — do not permit a cost-benefit analysis. Tty computing the cost-benefit of 
patriotism or courage or love or children. 

Even so, with limited resources and pressing needs, the Nation should consider its desire for and 
commitment to exploration. How much do we want to visit other worlds — ones like our own and ones 
vastly different? Will we attempt feats never tried before? How much do we want to grasp what Ues 
beyond our reach? Are we willing to commit ourselves for decades to arduous work that will bring 
imriKidiate benefits but whose major rewards will come in the future? 

Unlike Columhus found in his New World, we shall find no hospitable habitat in space ready for 
colonization, and the effort to get there will be substantial. But consider the potential benefits — from a 
major stitnulus of technology, research & development, and science education to epochal findings in 
planetary sciences and many other fields. Such endeavors will boost diverse industries, stimulate much 
of our entile national economy, and create jobs at all levels and many disciplines. They present an 
unique — even historic— Ofqiottunity for American leadership in the world community by focusing efforts 
of many nafitnis on this greatest of all human adventures. It would bring national pride and international 
respect. 

Of this we can be sure — humans will explore Mats and go to the farthest teaches of our solar system and 
beyond. The insightful question is not humans will do so, for they will. The right questions are who 
will do it and when? With proper planning now, the United States can offer the answer: Americans, 
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ideally with international partners, will start doing so early in the next century. And by the 50th 
anniversary of Apollo 1 1 , in the year 2019, humans will have gone from that first daring yet cautious 
step onto a new world to having established permanent habitats far from Earth. 

WHY EXPLORE AT ALL? 

T.S. Eliot stated; “We shall not cease from exploration and the end of all our exploring will be to arrive 
where we started and know the place for the first tin».” 

Was he right? Will we always explore? And ultimately will our voyages of discovery return us to where 
we started — to our planet, our Nation, ourselves? When we achieve this goal and at last realize some 
age-old dreams — when we live and study on other worlds, holding them in trust for posterity, while 
e xamining them to understand better our own heritage and future— will we know the place fiom whence 
we came for the first time? 

In an essay entitled, “Bubble of Blue Air,” published in 1968 after Apollo astronauts took their first 
photograph of Earth from space, poet Archibald MacLeisb wrote: ‘To see the Earth as we now see it, 
small and blue and beautiful in that eternal silence where it floats, is to see ourselves as riders on the 
Earth together, brothers on that bright loveliness in the unending night — brothers who see now that they 
truly are brothers,” 

In the 19th century — as a result of exploration — Americans developed a continental consciousness. 
While still parochial in many ways, they began to envision a country continent-wide. In the 20th 
century — as a result of television, jet travel, a global economy, the Internet, and perspectives of Earth 
from space — Americans and many other peoples are developing a global consciousness. While still 
highly nationalistic, in the 21st century — as a result of expanding technology, interdependence, artd 
ambitious and inspiring initiatives in space — perfa^ humankind can develop a more cosrrric 



73 


4 


consciousness. As a planetary species rather than rival national groups, perhaps we can explore the solar 
system together. 

In the past, many voyages of exploration were launched for the spoils they could return or the colonies 
they could appropriate rather than the harmony they could produce. For space exploration, commercial 
rewards will accrue. Significant long-term space exploration will drive technology, reap unexpected 
scientific rewards, and will bring economic benefits. Even so, except for some speculative prospects — 
such as collecting solar energy from space and mining the moon and asteroids for certain min erals or 
possibly for nuclear fuel — few astronomers seek great natural resources from our neart)y celestial 
neighbcH^. Nor can any govemment claim them for territories. By international agreement, no nation — 
including the first to arrive— can own another world. Our impetus to explore continues a lineage to the 
Babylonians and Phoenicians, Marco Polo and Ponce de Ledn, Francis Drake and James Cook, Lewis 
and Clark. Like our predecessors, we too are curious and seek adventure as well as rewards. 
Nonetheless, we shall not pursue space exploration to find new trade routes, claim land, or find 
fountains of youth. 

Instead, we yearn to explore for other reasons. Aside from the ones I have mentioned, some people wish 
to influence history. Historian Robert Heilbroner has argued for tbe value of making human history. "It 
is a crushing spiritual blow to lose one’s sense of participation in mankind's journey," be has stated. 

And he has gone on to say that, "If we are to meet, endure, and transcend the trials and defeats of the 
future ... it can only be from a point of view which, seeing the future as part of a sweep of history, 
enables us to establish our place in that immense procession ..." Through long-term space exploration 
initiatives, we can establish our niche in time. 

Centuries from now, even voluminous history books will truncate much of what engrosses us today. 
Recessions, political races, even many wars — in time, all these will become brief entrees in the sweep of 
human achievement. But a few achievements, a few extraordinary accomplishments, will tower forever. 
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The Apollo 1 1 landing surely will be one of these. Human landing on Mars will be another. Indeed, it 
and other related space activities could be benchmarks of the next millennium. 

We wish to explore for tangible reasons, too. Such efforts will increase our understanding not only in 
scientific fields but also in management, business, and even the arts and humanities. Their impact on 
research & development will enhance American technology in many fields. In time, the expansion of 
knowledge and perspective from space exploration will effect almost all sectors of American life — ^from 
astrophysics to metaphysics, from electronics to aestiietics, from rocketry to religion. Economic benefits 
will come as well. And all of this will result from an investment — an option on our future, a commitment 
now with near>term returns and long-term rewards. 

Yet another drive corrals us to explore. We are Americans. No other people in modem history have 
benefited so much from exploration, or contributed so much to it as the people of this Nation. It is our 
heritage, as it will be our children's. It is our tradition and our culture: It was from the discovery of the 
Western Hemisphere to the opening of the American West, from the experiment of our democratic and 
free society to the reaches of our scientific quests. We Americans are explorers: without exploration, we 
would not be. For the next generation — for the Nation's third century— space exploration will constitute 
a natural continuum of the American adventure. 

As President Ford said on the Nation's bicentennial: The hallmark of the American adventure has been 
willingness— even an eagerness — to reach for the unknown ... Americans and their ancestors have been 
explorers and inventors, pilgrims and pioneers, always searching for something new — across the 
continent, across the solar system, across the frontiers of science, beyond the boundaries of the human 
mind ... Our country must never cease to be a place where men and women tiy the untried, test the 
iiiqwssible, and take the uncertain paths into the unknown.” 
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Advantages of Space Exploration 

What, then, would this space exploration be? Superficially, it would be a plan to take robots and then 

humans to Mars and eventually elsewhere in the solar system. But saying only that would no more 

encapsulate it than saying that Yosemite is just real estate or 'The Star Spangled Banner” is just a song. 

Space exploration constitutes many things — some tangible, others intangible. Among them; 

• Science, both science to enable this exploration and science this exploration will enable. Scientific 
breakthroughs can come in astronomy, planetary science, exobiology, physiology, life sciences, 
medicine, geology, and a host of other fields. For example, study of bone mineral loss in space may 
help us understand better what causes osteoporosis and how to prevent it. And studies of Mars can 
help explain the causes and effects of ozone depletion generally and how to control it, as well 
possibly provide us with insights into the origin and development of life. 

• Technology, both technology required for the exploration and technology derived from the 
exploration. Major technological progress requires challenges across a range of fields, not just a 
highly focused e^ort in one area. Both World War n and the Apollo program made such demands 
and yielded vast technological gains. Space exploration will too. 

• Economic benefits, prompted by significant stimulus of the Nation’s most advanced technologies. In 
time, other commercial rewards will come as well in fields ranging from food preservation to fabrics, 
from microelectronics to super computers, from fiber optics to laser surgery, from remote sensing to 
artificial intelligence, from communications technology to alternative fuels. Indeed, in the next 
century space exploration can help drive the American economy and competitiveness, and the great 
American industry will participate along with government. 
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The quality of life. Although space exploration deals with other worlds, its applications are down-to- 
Earth. Space research in strong, lightweight metal alloys and plastics will support such industries 
here on Earth. Miniaturization of elecuonic components will lead to future designs for day-to-day 
applications. Sophisticated, portable, lightweight, health monitoring equipment for space exploration 
can be used anywhere on Earth. Automation and robotics for space exploration can be applied from 
the automobile industry to undersea research. High-output portable power supplies for space 
exploration can become prototypes for energy sources at remote industrial or military outposts on 
Earth. In short, space exploration can make our lives more comfortable and mote secure. 

Education, both for future scientists and engineers and for scientifrcally literate citizens generally. 
During the Apollo eta, many students studied rrrath and science; Apollo catalyzed their interest. Space 
exploration can help stimulate student interest in technical subjects, broaden the range of students so 
interested, and better educate workers for all sectors of American life. It can provide the Nation with 
a highly trained workforce available for other purposes as well. 

International cooperation, both with our traditional allies and our traditional adversaries. This can 
increase cooperation, spread costs, build trust, and produce etrhanced results as a global effort on 
peaceful pursuits following Atttetican leadership. 

National pride and international respect. Apollo brought pride and respect. And 21st century space 
exploration— even bolder and mote ambitious that Apollo — will do so as nothing before in history. 

A settse of adventirre, dating, and even heroics. Unquantifrable, these intangible attributes possess 
enormous value. Young people need to know that their Nation plans for the future, chooses rigorous 
goals, applies itself resolutely, and achieves its objectives. The Nation will set an example for youth. 
And it will create a new generation of heroes — men and women of various ages and different races 
who plan the exploration, build the eqiripment, and take the voyages. These people, working for the 
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sake of new knowledge and national bettennent, will be as respected in the future as Mercury 7 
astronauts were in the past. As historian Arthur Schlesinger, Jr. has argued: “A free society cannot 
get along without heroes ... If our society has lost its wish for heroes and its ability to produce them, 
it may have turned out to have lost everything as well.*' 

To undertake such space exploration will require courage, for the effort faces almost insuperable 
technological challenges. We must be resolute and remember Ralph Waldo Emerson: "Every 
wall is a door." Can we fmd the door? If we do, will we open it? Shall the Nation continue its heritage of 
exploration? Do we still wish to push the boundaries? Such exploration can bring us a new Renaissance. 
Dare we pursue it? 

Adults ponder these matters, yet such futuristic issues iu^tually belong to the children. They is the stuff 
of their dreams and will shape their world. Children gaze at the night sky in awe. Adults, caught up in 
day-to-day concerns, can forget (he wonder and lose the mystery. What a loss for the Nation when that 
happens, for child-like curiosity has inspired American achievement. 

Over and above the benefits for science, technology, the economy, quality of life, education, and even 
pride, such exploration is about providing a vision for our children. This undertaking will span 
decades. Many of its principal beneficiaries are now infants or are yet unborn. Our vision and our 
determination will become their lodestar. 

More than a major NASA program, a scientific quest, or a technological challenge, the whole of such 
space exploration will vastly exceed the sum of its parts. Ultimately, it is a reaffirmation of American 
leadership, writ large and left indelibly on the pages of history. It is America at its best, doing what only 
America can do on such a scale: dream, plan, invest, achieve, and lead— our people and people 
everywhere to old aspirations, continuing hopes, and new accomplishments — lead them to other worlds 
and to the future ... 
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Mr. Hastert. Thank you, Doctor. Dr. Criswell. 

Mr. Criswell. Thank you, committee chairman and sub- 
committee members. I hope you have a copy of this presentation. 
I’ll be making reference to pages four and six. I’d like to talk with 
you about the lunar solar power system to supply Earth with com- 
mercial electric power. It’s generally not recognized 

Mr. Hastert. Doctor, would you pull the mic closer? 

Mr. Criswell. Yes. Is this better? 

Mr. Hastert. That’s great. 

Mr. Criswell. It’s generally not recognized, but the essential as- 
sumption on most energy projections is that the world will stay 
poor, most people will stay impoverished. Worldwide prosperity in 
the 21st century requires more energy than can be supplied by con- 
ventional, non-renewable sources such as coal and shale and non- 
breeder uranium systems, or even terrestrial solar power. And this 
includes biomass and photovoltaic. 

Present power systems are limited by their fuel resources, the in- 
creasing costs of non-renewable fuels, and by the very high cost of 
a terrestrial solar renewable systems and the backup power sup- 
plies that they need and long distance transmission lines. In addi- 
tion, they all impact the environment. I think a goal for the U.S. 
space program and even the world space program is that by 2050 
we should supply all 10 billion people in the world then with at 
least 2 KW each of electric power. That’s a goal of 20,000 gigowatts 
of electric power. 

That’s about six times more power than the world produces now. 
It’s equivalent to what is required by Western Europe to provide 
the high standard of living that they have there. I think a solar en- 
ergy system based on the Moon can provide this electricity and pro- 
vide it at a cost that’s a about 3 to possibility about 30 times less 
than the wholesale cost of electricity now. You’ll be delivering the 
power by engineered photons — microwaves — in such a way that the 
system is intrinsically environmentally clean, and rather than de- 
pleting Earth’s resources can actually increase the resources of 
Earth. 

There is enormous growth capacity in this system. I believe that 
it can grow to somewhere between 100,000 and 1 million gigowatts 
of delivery power, far more than we need now and enough for sev- 
eral centuries of growth. I’d like to refer you, if I could, to the 
fourth page of that presentation set, which gives a schematic of 
this power system seen from outside of a city on Earth. The Sun 
is the source of the power. It’s an operating fusion reactor. The 
Moon is the recipient of the solar power. 

It exists, it’s in the light orbit, the same face always faces Earth. 
And you build power bases on the two limbs of the Moon as seen 
from Earth so that one or the other is Sun-lit and can deliver the 
power. The power is handled by changing sunlight to electricity to 
microwaves and then to controlled, low intensity beams that de- 
liver the power down to very lightweight microwave receivers on 
Earth. 

All of the key technologies and operations surprisingly enough 
are already demonstrated. There’s no fuels. There’s no furnace. 
There’s no ash or long distance transmission lines in this system 
or even massive equipment. It can be a very long life system that 
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dependably delivers power, but very importantly is independent of 
the biosphere. The beams are unaffected by rain, fog, dust and the 
things that normally could interfere with ground-based power. 

If you could refer to videograph No. 6, or slide 6 there. That’s a 
picture of a prototype power base, a demonstration power base on 
the edge of the Moon. In that place the Earth always stays fixed 
in the sky, eternally and each base is huge. But it’s composed of 
small units called power plots. There would be tens of thousands 
of these. And this is simply a representative view of one type. The 
power plot consists of local solar arrays, small microwave transmit- 
ters and reflectors, all primarily fixed on the lunar surface. 

And they would be made out of the local materials. I think the 
talks that you heard by Buzz Aldrin by other astronauts and the 
evidence that you see around here of our visits to the Moon are ex- 
amples of one of the best investments this Nation could have con- 
ceivably made in its future. We know what’s there. We know the 
common resources. And we know that we can convert into these 
fairly simple power components that I’ve just described. 

They would be generated by mobile factories that are on the 
Moon and put out hundreds to thousands of times their own mass 
in components. What that means is the cost of transportation does 
not affect the cost of power in a strong way. All of these steps can 
be clearly demonstrated on Earth before you ever go back to the 
Moon. And the industrial size demonstration can be done for a frac- 
tion of the present U.S. investments in space. 

In summary, this lunar power system, I think, can provide Earth 
a second source for its critical energy needs on a worldwide basis. 
This will be net new energy that can be used to underpin clean en- 
vironmental growth and new prosperity that’s not possible in a way 
when you use depletable resources. From the standpoint of the vi- 
sion spoken about by our previous speakers, this will enable the 
economic establishment of a two-planet economy — the Earth and 
the Moon are the two planets — which can grow self-sustained. 

A future space program could literally grow off the taxes gen- 
erated by the new economic growth of this two-planet economy and 
fundamentally will provide humanity a way to grow into its lunar 
space and prosper. Thank you. 

Mr. Hastert. Thank you. Doctor. Dr. Webb. 

Mr. Webb. Chairman Hastert and members of the committee. 

Mr. Hastert. I would ask you to speak into the mic. It’s a little 
loud in here and a lot of background noise. 

Mr. Webb. All right. Can you hear me now? 

Mr. Hastert. Yes. 

Mr. Webb. Chairman and members of the committee, it’s my 
honor and pleasure to be here today. I must admit to a certain de- 
gree of deja vu when listening to the excellent presentations you 
have had, particularly by the members of the astronauts — Buzz 
Aldrin, Walter Cunningham and Story Musgrave — and also the ex- 
cellent presentation by Ron Howard. 

I had the honor of being a member appointed by President 
Reagan to the National Commission on Space, which you may re- 
member was a congressionally mandated study of the future of the 
American space program through the year 2030 that took place in 
1984 and took a year. We reported in 1985, in a 215-page document 
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that outlined all the possibilities and many of the problems that we 
have discussed today. For the record, “Pioneering the Space Fron- 
tier” was the name of the commission report. 

This is the first section — and I think that you have it in your 
briefing papers. I would like, with your permission, Mr. Chairman, 
to have this first section read into the record. 

Mr. Hastert. Without objection. 

Mr. Webb. Thank you. The whole concept of what we have heard 
today and the whole concept of what we heard in the commission 
was the necessity for the United States to maintain its lead in 
space. And at the present time we have dropped the ball in a very 
large way. The problem that we see right today — when we an- 
nounced in this commission report, we should by the year 2000 
have developed a low-cost cargo transfer vehicle, a low-cost manned 
space vehicle, we would not just have a space station, which we 
were told would be in operation by 1994, but we would have a 
space port by the year 2000. 

By the year 2005 we were suggesting we should be back on the 
lunar surface, we should develop mining operations on the Moon, 
we should learn how to live off-Earth. And by the year 2010, we 
would have a full-scale manufacturing and replenishment facility 
on the Moon. And we would then build the Mars space crafts, in- 
cluding Buzz Aldrin’s cycling space ships, and we would leave for 
Mars, and we would be on Mars by the year 2019. 

That was 11 years ago, Mr. Chairman. In that 11 years, if you 
look today at what has happened, not one single element that we 
were suggesting that should be in place by the turn of the century 
has even been begun except the space station, which is 8 years late 
and $25 billion over budget. And all the other elements that we’re 
talking about — a reusable space vehicle, now — it will be 8 years to 
10 years before those space vehicles can possibility come on stream. 

We need — your committee, if I may say, needs to ask what has 
happened that causes the United States, the preeminent techno- 
logical power in the world, to be unable to produce a space station 
in the time that the President challenged the Nation to do it: 10 
years, one decade. We have not yet, as I think it was Walt 
Cunningham said, “got one nut or bolt in space at this time.” 

There is something that is the matter. If I may make a sugges- 
tion — and I do so in my testimony. The manner in which we de- 
velop technology, the way we regulate technology in this program, 
is unique to the United States. We are the only industrial Nation 
in the world that demands an annual review of every technology 
program that we have underway. In doing that, we invite a grow- 
ing opposition as the program moves along and becomes more ex- 
pensive. And we invite every year — it will be reexamined and ei- 
ther cut back or apportioned or reapportioned. And we’re back to 
square one. 

We cannot ask our engineers and scientists to keep this Nation 
in the forefront of technology if we are second-guessing them every 
single year. This, I understand, is a congressional prerogative. I 
understand that the monetary power of the budget is a prime thing 
for Congress, as it should be. 

However, there may be other ways. I am suggesting in my testi- 
mony the creation of a technology development fund which would 
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operate very similar to the great foundations of the world in which 
the Congress would apportion a certain amount of funds every year 
to cover the new technology programs that were going and would 
give the money for a set period of time, which I would like to see 
in 5 years. But you probably could not do that. But maybe even 4 
years: two congressional terms. If that were done, there would be 
a steady funding of technology. If there was steady funding of tech- 
nology we would have a space station in space now. We would have 
single stage to orbits, reusable space vehicles, and we would not 
have this desperate cancellation of programs. 

The National Air and Space Program was to give us a single 
stage to orbit airplane. We spent $2.4 billion. We worked for 5 
years. We made enormous advances. And then the program was 
canceled. No question. Gone. This is damaging our leadership in 
space. All the other nations in the world once upon a time believed 
that we had such a lead in the development of space that they 
would never be able to catch up. And yet look at it today. Because 
of the fact that we have not created a new launch vehicle in the 
last 20 years, we are falling behind. We have lost 70 percent of the 
world space launch market in the same period of time. 

It is a tragedy of enormous proportions. We don’t see it until it 
comes and bites us. We are the only industrial space Nation that 
has not built a rocket engine in 25 years. The Russians have built 
seven. The Chinese have built three. The Japanese and Europeans 
have built two each. India has built two. We have built none. And 
then, we wonder why we’re losing the space market. 

If we do not understand and if we do not unleash our programs 
to be able to be fulfilled the way we try and develop them in the 
beginning, we will always be doing that. And in doing that, this 
country will lose its leadership as sure as we are here today. It is 
a given where there are very powerful entities, not the least of 
which is China, which is just starting, Japan, Russia. Russia right 
now is in plenty of trouble. But they will get together. And they 
are a powerful competitor. 

We honestly need to review how it is that we handle our space 
technologies and how we handle technologies generally, and try 
and develop new ways. This is a real challenge to the Congress and 
it’s a real challenge to the entire community to be able to adjust 
to something new. But that is what I would like to see happen, be- 
cause this is the greatest country in the world. And we must, lead 
the space race, if that is what it is — or our venturing out onto the 
next frontier. Thank you. 

[The prepared statement of Mr. Webb follows:] 
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Introduction 


Futvire historians who study the latter half of tire 20th century will 
undoubtedly see the emergence of spaceflight as the most unique and far-reaching 
development of the period. The exploration and utilization of space for the 
betterment of humaiikind went from imagination to reality in a remarkably short 
time. In the quarter century since the last Apollo crew visited the moon, we've sent 
probes to most of the planets in our solar system and made great strides in using 
various orbits for telecommunications, Ea^ observations, and scientific 
investigations. However, we've done almost nothing to take advantage of the 
virtually limitless energy and resources that space has to offer. Will future 
historians choose to focus on this deficiency rather than our successes? 

For a variety of reasons, the space program has changed from a strategically 
important, high-priority national program commanding presidential attention, to a 
domestic jobs program with minor foreign policy implications. In prut, tliis has 
happened because a majority of Americans don't perceive a link between space 
developments and their daily lives, either from direct applications of space 
techiiology or from spin-offs. This is particularly ironic today, when so much that 
we do is dependent on satellites: conrununications, entertairunent, data transfers of 
various kinds, weather forecasting, and navigation. Individuals can acquire 
receiving dishes for their TVs and computers, position location devices for 
themselves and their vehicles, and soon, versatile global communications systems, 
all of which interact directly with satellites in orbit. 

A recent report sununarizing a decade and a half of surveys on public 
attitudes toward the space program estimated that about 10 percent of adults in the 
U.S. cotrsider themselves "attentive'’ to space activities, while those who consider 
themselves 'interested' constitute about another 22 percent. To some, one-third of 
the adult population may seem like a healthy amount of support. However, the 
extent to which this group can lead public opinion or irrfluence decision-making is 
doubtful. The same study revealed that science and space literacy among the 
attentive and interested public is surprisingly poor, and literacy in the non-attentive 
public is even worse. 

In some ways, this level of interest and knowledge is not surprising. Space 
activities cover a broad range of esoteric, technical disciplines. Societal benefits from 
space, though numerous and pervasive, are transparent to most consumers — they 
are taken for granted and tiieir link to space technology is not perceived. 

The American people need a greater awareness of the role that space 
development has played in their lives. Most importantly, they need to realize that 
the space adventure did not end with the Apollo moon landings. The greatest 
berrefits — ^to the economy, to human health, to the environment, and to a host of 
other areas — still lie ahead. 

The pages that follow provide a brief introduction to some scientific, 
technical, and political topics that hold d\e key to ttuming even more of our dreams 
into reality, in both file near-term and long-term. Sustained support, from policy- 
makers and the public, is the ingredient that can bring all of th^ ideas to fruition. 
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The Role of Congress in Humankind's Future in Space 


The effort to explore and develop space will prove to be the most complex 
and far-reaching endeavor the human species has ever attempted. It will build 
momentum over many generations, ea^ one fadng and overcoming challenges 
that the previous one could hardly imagine. Politicid institutians must adapt to 
these continuous changes, and as much as possible, anticipate them. 

When must this adaptation begin? How will it be achieved? 

In some small ways, political adaptation to the next era in space has already 
begun. Legislation eructed since 1984 has centralized tiie licensing and regulation of 
commercial space launches in the Department of Transportation. Similar duties in 
support of satellite remote sensing have been assigned to the Conunerce 
Department. The U.S. Customs Service has found itself compelled to rethink its 
import-export rules as ttiey apply to payloads on space vehides. Technology transfer 
restrictions are gradually being eased, and dw U.S. is joining countries all over the 
world to elimin^ barriers to trade in products and Moimation. 

All of this is a good start at promoting the coming space era, but much more 
needs to be done. Congress has an important role to play, and it involves more than 
simply increasing NA^'s budget. 

A recent siuvey conducted for the Ccnmdl for Excellence in Govenunent 
indicates that ‘promoting space explorabon' is the only one of 16 tested items about 
which a plurality of Americans say d\e federal government has been very successful. 
History has tau^t us that government is most likely to achieve success when it 
undertakes the following actions: 

* basic research and development 

* creation of infrastructure 

* early adopticm of emerging products and services 

* regulation 

In the space arena, government has taken all cf these actions, thus generating 
successes that are both real and perceived. However, government actions have 
faltered in consistency and timeliness. Participants in space efforts, particularly in 
the private sector, place a higfi value on stability. Policy reversals, roller-coaster 
support, and legislative remedies that come too late all discourage continuing 
involvement in the space enterprise. 

What should Congress do now to enable the space visions of the coming 
decades? 
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* Support current proposals (or a two-year authorization bill for NASA, 
and adopt a two-year appropriations bill as well. The multi-year 
character of NASA's programs will persist. As a result, dvil space 
programs will be bettn managed, politically and technically, if diey are 
handled in a long-term manner. 

* Continue to remove unnecessary barriers to trade and innovation, 
including outdated laws and regulations that unintentioiuilly hinder 
space development. 

* Keep the space science program strong. It is unparalleled in the world, 
and space visions would be poorly served by abdicating ttiis position. 

* Complete the space station. Despite its developmental problems, it will 
be the best orbiting laboratory facility avail^le for the next two or three 
decades. It could teach us much of what we need to know to proceed 
with the next steps. 

* Send a clear signal to NASA that solving the problems of access to 
space should b« the space ageirqr's top engineering priority. The specific 
launch vehicle conce^ (single-stage-to-orbit, two-stage-to^rbit, etc.) is 
less important than obtaining fite capability for cheap, reliable, 
frequent, flexible access to space. 

* When setting space goals, remember that goals should involve the 
establishment of ongoing, beneficial capabilities. A goal is not merely 
the creation of a piece of hardware, nor is it the planting of flags and 
footprints on a planetary surface. 

Implementation of visioruuy space goals hinges on more than just the steady 
progress of technology. At some point, we must consciously begin fte journey and 
then doggedly persist for an extended period of time. If the 21st century is to see the 
fulfillment of the dreams, then the journey must begin now. 
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Setting National Space Goals 


Recommendation; A multi-decade plan for doing valuable work in space using 
extraterrestrial resources. 

With the exception of the telecommunications industry, non-aerospace 
interests have been slow to embrace space as a venue for commerce and research. 
This is not surprising considering the cost, risk, and long time-horizons involved. 
To date, the result is tiiat space exploration and development is stiU dominated by 
govenunent activity. But in the U.S., Europe, and around the world, government 
space programs have been unable (or unwilling) to nuitch the level of resources they 
spend on space to the things tiiey want to do in space — assumiitg, of course, that 
they know what those things are. 

Launch facilities, tracking stations, and space stations are essential 
components of a space infrastructure that enable tiie achievement of goals. Space 
shuttle flights and other rocket laimches can be steps toward a goal, or they can be 
merely a series of disjointed missions. Without go^, it's pointiess to argue about 
whether humans or robots should be sent into space, because no decisions have 
been made about what work of lasting value either would do there. Without goals, 
space policy-makers get bogged down in heated arguments over costly but relatively 
minor details and lose sight of the big picture. 

Once goals are set, planning can proceed on the transportation system and 
other space iitfrastructure components needed to achieve them. This is more 
difficult than it sounds, as demonstrated by the fact that long-term goals have been 
largely absent from the space program for over two decades. Today, setting goals has 
to mean more titan saying we'll put a man on the Moon by the end of the decade, or 
a man on Mars by 2019, or any similar scenario. Nor can lading a buttle or a space 
station be considered a goal — these are merely milestones in the establishment of 
infrastructure to support a goal. And in times of fiscal constraint, it is critical to set 
goals titat, unlike Apollo, will yield continuing operations of lasting benefit. 

The problem with setting wortitwhile goals in space development is tiiat all 
of the really good ideas will take decades to achieve and will cost a fortune, 
discouraging private sector entities of all sizes from taking up the challenge. The 
expectations placed on space programs put tiiem in a very different category than 
earlier human achievements like medieval cathedrals or Egyptian pyramids. Those 
andent projects were expected to take a lifetime or more to complete, whereas 
today's political and economic environment rails for much quicker results. Such an 
environment cannot produce valid long-range goals for the space effort. The 
exploration and development of space is different from anything in human 
experience. Iti s more difficult, more time consuming, more costly, and potentially 
more rewarding than any historical model we might use for comparison. 

Worthwhile, long-range space goals often resemble popular science fiction, 
but tills should not be allowed to hinder their credibility in political and technical 
circles. Here is a sequence of goals involving several decades of effort: 
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1. Build, maintain, upgrade, and recycle nearly all apace hardware (e.g., satellites, 
science probes, space stations) at facilities in space, emphasizing die use of 
lunar materials. The extensive human and machine infrastructure this 
would require is staggering by today's standards. But mice in place, die 
benefits include substantial savings in launch costs, removal of size 
limitations for multipurpose platforms, longer lifetimes for space assets, the 
creation of a 'used satellite' market, better control of die space debris 
problem, and fantastic opportunities for sdentific research of all kinds. 

2. Given the infrastructure required for the above goal, projects having more 
direct benefits on Eardi are possible. The next goal could be substantially 
reduced dependence on fos^ fuels through the use of energy sources from 
space. This could take the form of very large orbiting solar arrays that would 
collect the sun's energy and beam U down to receiving stations on Eardi, each 
one delivering many times the power of die largest terrestrial generating 
stations. Proponents of fusion power present an alternative they claim is 
even better: collect the isotope helium-3 from lunar soil (where it is believed 
to be abundant, unlike on Earth) to fuel terrestrial fusion reactors. Eidier way, 
reducing dependence on fossil fuels, while still fulfilling energy needs, will be 
good for Earth's economy and even better for its environment. 

3. If we want to preserve the Earth and take advantage of the limidess material 
and energy resources of space, the next step is to move heavy industry off the 
planet. It may sound like science fiction now, but in the long run it makes 
sense. Some industrial processes will actually work better in a microgravity 
environment and will benefit from free, easy access to hard vacuum and solar 
heating. 

Much of the effort required by these goals will be undertaken by the private 
sector, as long as governments ensure a stable, supportive business environment. 
Note that none of these activities requires humans to travel farther than the Moon, 
aldiough trips to Mars and nearby asteroids would be natural outgrowths of these 
endeavors. 

Variations of the ideas outiined above have been propounded by space 
visionaries for decades, but so far no such goals ate in place. Lacking guidance, the 
evolution of space development will be incremental and somewhat random. If a 
launch system or any large infrastructure component is built for its own sake, as a 
result of some convduted interplay of political, bureaucratic, and technical forces, it 
becomes a goal in itself, doing a disservice to the greater community by 
overshadowing the larger, mote productive goals. When that happens, paths ate 
chosen by default, or none ate chosen at all. As we develop space, it is critical to be 
on guard against pitfalls such as these. 
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Improving Access to Space 

Recommendation; Make space access NASA's number one engineering challenge; 

encourage private-sector solutions and govemment/indushy 
teaming. 

Access. No sin^ word better deaoribes the nuste* one canoem of evoyone interested in the 
exploration and development of apmot. Every participant in space activities— dvil c o mm e rci al or 
mUitaiy — needs affordable, rdiaUe, frequent, flexibfe access to space. CoxrqMiiaons with Eaith’based 
activities are illustrative of the proUem. 

Terrestrial shipping services deliver on a fairly predictable schedule, often boc^ shipments on 
short notice, and hardly ever blow up the catgp. the same can't be said for space lauiKh services. 
D^very is frequently held up by technical gUtdws and bad weather, flights need to be booked two to 
four years in a^anoe, and reliability rales for large launchers range from about 82% to 98%. Qeariy, 
today's ^>ace tran^x>rt services shoiild not be measured by terrestrial startdaids, but if the grand plans 
of space visionariea and entrepreneurs are to be carried out, someday they will be. 

To illustrate the point, imagine a trans-AUantic ahipping company that prpmiaea to deliver 
your extremely valuable cargo to tts deatnutkm in two years— a boat would be ^wcially built for it — 
with a 2% to 18% chatwe that your package would be destroyed along the way, md a Mght diarge of 
approximately 50% to 100% of the value ^ the cargo, plus insuraiwe. At orte tbone in aeagping history 
these may have been aooeptaUe contract provisiona, but today they are laughable. Sunilazly, today's 
launch services are inadequate for tomorrow's apace ecploraticm and devdopmen L 

Space researdi sittfers from problems sizniiar to those of space cargo. Experiments may wait 
years for a chance at orbital flight. Assuming they make it to oiM saMy, the e xp er im ents are severely 
limited in volume, pcnver consumption, duration, and human atterdioiL If an e xp et in ie nl faUs for any 
reason, it will be months or years before it can be tried agsin. By contrast, scientists in terrestrial 1^ 
have direct access to their e9q>erunettts on a daily basis. They get this by jumping into their cars each 
morning and driving to work, a comparativdy inexpensive procedure. If their e xp e rim en ts fail they 
can try again— tomorrow, not xwxt year. 

Poor access to space disoounges scientists from pursuing this avenue. Talented researchers often 
prefer Eazth4Msed projects that will yidd results before their careers have ended, and at a fraction of 
the cost. This is true even if they believe apaoe-based research could ultimately provide superior 
results. 

After four decades of eftoil, access to ^ace remains a difficult challenge. This technical 
hurdle, particularly the coat factor, has demonatiated the slowest rate of improvement of all space 
technologies. Through NASA, the government leUins some of the reiq>onaibility for addressing this 
problem. The ^aoe agency has the eiqwitise and facilitiea, and its miasion includes applying these 
capabilities to socio-economic needs. The overwhdming influence that space access hw on all other 
aspects of civil co mm e rci al and military space eflorts would indicate that this should be NASA's top 
engineering priority. 

The private sector also has the technical capability to contribute to solutions. And given proper 
motivation and some relief from aftti-tTust laws, industry can iq’ply adequate resources to an effort of 
this magnitude. For example, construction of the Alaska Pipeline, a projM of ■imiiar magnitude, cost 
$8 billion (in 1970s dollars) over four years. However, the returns that can be expected from inv e s tm e n ts 
in new launch infrastructure are less certain than those from the Aladca Pipeline. Corporate interests 
cannot be confident that they will get back what they've invested within a reasonaUe timeframe. 
Some form of government support is essential and appropriate. 

NASA is taking this apprcMdi in the X-33 proy am . The space agency's resources are available 
to the project, but industry must put its own capital at risk. NASA and the D^ense Department must 
become early customen Ua whatever operational vehicles emerge from this effort if it is to succ ee d. 

For future space infrastructure projects^ NASA must plan from the beginning for an ap pro p riate 
home for the resulting operational systems. Although the agency will be an essential dement in the 
initiation of these new systems, most of them will ultimately reside in the private sector. 
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Minimiziiig Risks in Reusable Launcher Development 


Recommendation: Pursue two-stage as well as single-stage-to-orbit concepts for 
next-generation reusable launi^ vehicles. 

NASA's ReuaaUe Lsundi Vehicle (RLV) p iogy sn ^ is an effort to move to a new generation of 
launch capability. Over the past two decades, the space shuttle, a partially reusable vehicle, has 
taught us that bringing down costs and reducing turnarotmd time are greater challenges than originally 
anticipated. The RLV program is intended to meet the objectives that the shuttle left unfulfilled, and 
more. 

Most experts agree that the long-term solution to the worid's launch needs lies with con^letely 
reusaUe launch vehicles. However, the ultimate configuration of such a vehicle, and how we get there 
from here, are matters of great debate. 

The RLV program is focused on development of the X-33, a one-third scale, subocbital proof^of- 
concept vehicle t^t would demonstrate the tedmolo^es required for an operational single-stage-to- 
oibit (S5TO) launcher. The X-33 project has an ambitious timetable, but what happens after its test 
series is complete is unclear. Even assuming complete success in meeting its objectives, there is no way to 
predict how much time and money it will take to build, test, and certify a hdl-scale operational 
vCTsion. Who vrill pay for it is also uftkrvo%vfL 

There is tSao the risk that technical hurdles «viU prove more daunting than anticipated, as was 
the case 20 years ago with the shuttle. An SSTO %vUi require breakthroughs in a number of 
technobgjes, particularly in propulsion and materials. And when designers begin work on the full-scale 
S&rO, they may find that availaUe technologies limit payload size so severely that the new vehicle 
provides little or no cost savings oofiq>ared to old launch^ 

This is not to say that SSTO will never wmIc, or that the X-33 shouldn't be pursued. It is 
NASA's job to take risks and push the technological envelope. But in an effort as important as creating 
the next generation of launchers, risks must be recognized and dealt vrith. Lessons learned from the 
shuttle urge us to acknowledge that there is more than one technolopcal pathway to the solutions we 
seek. 

The goal of the RLV program should be to enable the devefopmesnl of a launch system that is 
significantly cheaper, more reliable, and nv)re flexible than what we have now. That doesn't 
necessarily imply the SSTO approach. NASA didn't specify SSTO in its request for proposals, but 
bidders perceived that the space agency would accept nothing less. That precluded consideration of a 
quicker, less risky, and possibly cheaper approach two-stage-to-orbit (15TO). 

A complrtely reiuudrie ISTO v^de would require no new tedmologieSf taking advantage of 
what we've learned during the past quarter-century in materials science, computer hardware and 
software, xodoet propulsion, and ^ace shuttle operationa. It could be operrtkmal long before a 
comparable SSTO, and at a lower development cost. TSTO has the potential to deliver sufficient cost 
savings to justify the investment, and could fill the gap that may emerge between the retirement of the 
shuttle and the avail^nlity of an operational crew-rated SSTO. Additionally, the development and 
operation of a reusable TSTO will provide the learning experience needed to graduate to a fully 
capable SSTO as the technologies mature. 

Ideally, the TSTO and SSTO approaches should be ptarsued side-by-side, since they will deal 
with mutually benefidal technologies. If a second RLV projert is funded, as has been proposed, it 
should specify the TSTO approach so that both techi»logical angles are investigated. This will 
prevent a repeat of mistakes made during the shuttle era that causi^ unnecessary expenae and 
progranunatic hardship. 
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Reusing Uie Space Shuttle's External Tanks 


Recommendation; Begin storing used External Tanks in ortrit and plan for future 
use in a variety of applications. 

The External Tank (ET) ia the only co mp onent of the shuttle laundt vehide that is discarded 
with each fUght. Retrieving the used hulk from the ocean is not cost effective despite the ET's $35 
million price tag. But vdtat about tddng h all the way to orbit aitd using it there? 

For the past 20 years, proposals from a variety of sources have described in detail how ETs can 
be used for many valu^e tasks if they are taken aQ the way into orbit by the shuttle. The payload 
penalty for the shuttle would be mtnixnsl. In fact, under currettt procedures the shuttle must eqwiKi some 
of its energy during ascent to position the ET for reentry. 

An array of applications have been enviaioned for the orbiting FT. It could be a platform for 
mounting instruments on its onedurd-acre of surf ace area. It could be opened up and used as a lumger for 
assembly and repair of space hardware. Two tanks could be linked by a lor^ tether and set to spbK 
creating a vaiia^ grav^ icscarch facility. And an FT could provide a la^ pressurized vohime-> 
nearly four times the volume of the old 9kyUb station if both the hy dr o ge n ar\d ox y g p n tanks ate used. 
That volume could be used to scale-t^) or isolate processes origfoally developed on d» tpact statkm. 

Looking beyond Earth orbit ETs could save ss un m anned cargo haulers to the Moon and Mars. 
They could be pisc^ in orbit aroimd their destinstion, or be m an e uv ered to a bumpy landing on the 
plaiwtary surface. Altemativdy, they could be outfitted as cycling spaceships thM would oontimiously 
traverse a path linking Earth with Mars. 

There ia even value in breiddt^ up ETs for scrap ot^ they've been delivered to orbit. To laundr 
a payload in the oo n ventkmal tnatmer equal to the FT# dry wei|^ — about 66,000 pouruto would coat 
around $500 million. 

A White House space policy rdeased in 1968 stated that NASA ahould make ETs available at 
no charge, for a period of five yeara to interceted parties capable of trteintdiung and developing the 
asset on orbit. By the following year, the field of bidden had been narrowed to threes but none of these 
proiects nuterialized within tlw five-year limit. 

It's time to revisit policy toward ahemative uses of the External Tank, hi the near term, we 
should begin storing ETs in low Earth orbit for future use. 
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Resolving the Debate Over Human and Robotic Spaceflight 


Recommendation: Set long-term objectives and priorities, then use logical rules-of- 
thumb to judge the appropriateness of human vs. robotic 
mission scenarios. 

Since the beginning of the space age, there has been an ongoing family feud among the members 
of the space comfnunity. Supporters of humans-in-space programs are pitted against those who favor 
robotic space missions. From a policy-maker's point of view, however, the two approaches should be 
seen as complementary, not competitive. Each has its place, and the rules-of-thumb for choosing 
between them should be familiar to tlie space decison-maker. 

• Mission cost is directly related to the mass of the spacecraft and the duration of the 
missioa Human-rated spacecraft are always more massive, while robotic spacecraft 
typically have much longer mission durations. 

• Human missions should always depend on robotic precursor missions for destinations 
beyond Earth orbit. 

• Automated probes should be used for journeys too lengthy for human travel using 
available technology (e.g., the outer plains) and destinations with environments too 
hostile for human operations using available technology (e.g., the surface of Venus). 

• Robots tend to be verj' efficient at data gathering, but very poor at improvising in 
unantidpaied circumstances. 

• For the foreseeable future, missions aimed at conducting research and development, 
spacecraft assembly, or on-orbit repair are best performed by humans. 

• By definitiort, life science missions require human presence. 

• As missions and technologies evolve, humans and robots will uiufertake missions 
together, employing inaeasingly sophisticated interactions. 

Disagreements over the relative value of human vs. robotic spaceflight are a result of two 
factors. The first is dashing professional cultures. Space sdentists and engmeers cannot be looked upon 
as a single, homogeneous group--the 'lod^ sdentist* of popular myth. Each group has its own mode of 
operation and its own motivations. One thing they do share, however, is a thirst for challenging 
projects that advance the state of the art in their disdpline and instill personal satisfaction. For the 
engineer, that thirst is sated by human spaceflight projects, but the sdentist craves the rich data 
harvest of robotic investigations. NASA's roots in the Apollo era guaranteed the predominance of 
engineers in the space agency, and programmatic decisions have ensured higher budgets for human 
spaceflight programs, ^ace sdentists naturally see this as a less-than-optimal situation. 

The other factor fueling the disagreements is that oft-dted problem, lack of goals. If goals are 
clear and priorities are set. there is little mystery in the choice between human and robotic approaches. 
Do we wi^ to cultivate the resources and unique properties of space to expand social and economic 
horizons beyond our planet while making life better here on Earth? If so, then humans must live in 
space to perform research, build and maintain hardware, and investigate the unexpected thmgs we 
undoubtedly will find. Do we wish to collect data on celestial bodies and phenomena as far as our 
instruments can reacK to discover as much as we can about the origins of ourselves and our universe? If 
so, then automated spacecraft of inaeasing sophistication can be sent to do the job, and hiunans need 
never go beyond low Earth orbit. 

Do we wish to do some combination of the two? If so, we should look to the long term, set our 
priorities, and refer back to the rules-of-thumb listed above. Space policy-makers must rise above the 
counter-productive feud and, aware of its causes, act to steer its energies toward greater societal goals. 
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Enhancing Human Physiology Research in Space 


Recommendation: Deploy a variable gravity research facility as an adjunct to die life 
sciences capabilities of the space station. 

Studies of human physiology and the behavior of materials that are conducted on the space 
shuttle and the Russian Nfir ^ace station investigate what happens under conditions of miciogravity, 
commonly referred to as Similar investigatums will be per form ed on the international space 

Btatiort The results give us useful information about what happens when the powerful influence of 
gravity is removed, and other forces take on greater importance. The findings are often surprising, and 
they expand our knowledge of the subtle interactions ^ materials and the adi^ations of biological 
systems. 

While this knowledge is very iir^rtant to the future of human spaceflight, there is more we 
need to learn that can't be studied on a microgravity facility. If people are to dwell on planetary 
surfaces for extended periods, we must know the e ff ec t that will have on their bodies. We already 
know that livmg in zero-g causes bones to kue cakium aixl become brittle, musdes to atrophy, fluids 
within the body to redistribute themselves, aitd the immurw system to weaken. Will the sante be true of 
extended stays on the moon, with one-sixth of Earth gravity? What about Mars, which has just over 
one-third of Earth gravity? 

The gravity levels on the truran and Mars are obviously of great interest to us, since we can 
envision spending a lot of time there. But we also need to direct our attention to counteracting the 
deleterious effects of mioogravity during long stays in orbit aiul long interplanetary journeys. 

There are various ways to design a spacecraft to create artificial gravity by spinning all or part 
of it at some predetermined rate. Right now, we don't know what that rate should be. Designing the 
syst^n to provide Earth-normal gravity is not necessarily the right answer. 

Two factors detenniiw the amount of artifidal gravity created aboard a spiniung spacecraft: 
the rate and the radius of the spin. For a ^ven level of gravity, rate and radius Iwe an inverse 
relationship— the faster the spin rate, the shorter the radius can be, and vice versa. If the spin rate is 
too fast, however, the aew may suffer from motion skkness or baUmcing proUems. In any case, the 
engineering problems presented by a Urge, spinning spacecraft would be reduced by choo^g a gravity 
level somethmg less than Earth's. We need to discover the lowest gravity level that will eliminate 
the adverse effects we've observed under microgravity conditions. 

A variable gravity research facility in orbit could run a series of studies that would tell us how 
well we can function on the moon and Mars, and determine the lowest acceptable gravity level for 
preventing the dekriliiating effects of nfioogravity. Sudt a te a earch facility would likdy be based on 
tethers rather than a Urge, rigid framework. Two habitable modules^ or one module and a 
counterweight, would be coruiected by a tether and ^un up to the desired s p ee d, twirling the 
configuration around its center of mass. The tei^h <k the tether could be adjusted, as could the rate of 
the spin. In this way, a variety of gravity levds could be tested with human crews on board, and the 
results compared. Meanwhile, the human test subjects could run materials experimen t s that duplicate 
those being done on the intematiorud ^lace station, arxl those results also would be compared. 

The work of the variable gravity research facility would complement that of the international 
space Nation in many ways. If desired, the two space pUHorms could be placed near each other in the 
same orbit, simplifyii^ access and enabling some operaiiotud commonality. 
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Establishing a Human Presence on Mars 


Recommendation: Use the two small moons of Mars as stepping-stones to the 
planet and to the asteroid belt. 

Man seems far away when measured by the staxulards of prese n t capabilities, but it is 
nonetheless irresistible to anyone curious about human destinations elsewhere in the solar system. A 
series of visits to Mars by robot scouts has shown us that the red planet has much to offer, arid, 
remarkably, a (ew things that would seem familiar. 

The familiar things include a solid, rocky surface; a day-night cycle almost identical in length 
to Earth's; four distinct seasons in each Martian year; polar ice caps at the north and south poles; aiul 
an atmosphere which, though thinner and colder than Earth's, tiM douds, wind, and the ability to 
support some forms of mechanical flight. 

Mars is smaller than Earth, but some of its geologic features are on a grand scale. The Valles 
Marineris is a canyon 3000 miles long and three times as deep as the Grand Cmyon. The extinct 
volcanoes of the Tharsis region dwarf geologic features on Earth. Can the size of these features 

be accounted for by the lower gravity, only 38 percent of Earth's? Or are other forces at work? 

The question of past or pres^ life on Mars has ixttrigued humai^ society for centuries, and recent 
findings of possible microfossils have renewed this interest. But the puzzle will remain unsolved until 
much more extensive investigation is done on Mars. The deflnhive evidei^e of past or present life may 
lie underground, where it is protected from ultraviolet radiation, or at sites oflier than the isolated 
spots visited by spacecraft. 

These my^eries provide a hint of what can be learned only by venturing beyond Earth. M^ 
and the other bo^es of the solar system serve as planetary laboratories, allo%ving us to ask ^obal-scale 
questions without Limiting ourselves to conditions on the one 'sample' on which we live. How have 
impact cratering and volcanism affected other planetary surfaces compared to outs? How do global 
magrwtic fields of different sizes aiul strengths interact with a planet's surroundings? What can we 
learn from the behavior of the atmospheres of Mars, Venus, arid the gas giants? What can be 
determined about our shared origins, and the possibility that more than oitt place in the solar system 
has held the seeds of life? 

Reasonably close and more hosfntable than any other destination in the solar system. Mars is 
the gateway to the rest of our neighborhood. Its position makes it a paiticulariy good stepping-stone to 
the asteroid belt — a storehouse of clues to the origin of the solar system and a bonanza of resources in 
the form of numerous small bodies unencumbered by stroitg gravi^ fields. 

Mars gives us another bonus in our eventual quest for the asteroid belt. Its two small mooiu, 
Phobos and Deimos, may themselves be c^tured asteroids. Due to their low gravity, on-site 
investigation of these moons is much less energy intnwive — requiring a smaller and therefore cheaper 
spaceaaft and laui^dier — than a trip to the surface of Mars, arul would yield valu^le information for 
the future of Mars exploration and developmeitt. The Martian moons are likely to be rich in resources 
that will be useful for future space miasions, initiaify in the form of oxygen, propellant, and shielding, 
and eventually as inputs to more advanced fabrication processes. We may find it sensible to land our 
first human sorties to the Martian system on Phobos and Deimos rather than on the plaiwt's surface. 

Human missions to Mars requiring some amount of 'living off the land' have already been 
proposed. For exaiiq>le, these scenarios generally include extracting oxygen for propulsion from the 
mo^y carbon dioxide atmosphere of Mars. We may not decide to use this technique on our first attenqrt, 
but ensuing visits undoubtedly will depend on locating extracting proceaaing arid utilizing 
extraterrestrial resources, rather than on supplies from distant Earth. These capabilities, developed in 
our efforts to explore Mars, will be the first important j/teps toward functioning and feding at home, 
anywhere in our solar system. 
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Building an Interplanetary Infrastructure 


Recommendation: Employ "cycling' spaceships to service ongoing operations on 
Mars. 

Routine operation involving humans on Mars seems a daunting task, ^ven the planet's 
tremendous distance trom Earth. Depending on their relative positions in orbit around the sun. Earth 
and Mars are separated by a minimum of a few tens of millions of miles, and a maximum of over 200 
million miles. Compare this to our moon, which maintains a constant distance of merely a quarter of a 
million miles. 

Crewed spaceflights covering such distances must consider two important factors; trip times and 
energy requirements. The trip time to Mars would be several months each way, but this is quite 
acceptable if the crew is provided with sufBdent saf^, comfort, and productive activity. However, a 
spacecraft that can provide all these things must be quite large, presenting a formidable challenge in 
energy requirements — and therefore, cost. 

Besides being massive, a spacecraft on a direct flight from Earth to Mars must accelerate to a 
Mars trajectory, decelerate when it reaches the planet, accelerate again when it leaves Mars, and 
decelerate again when it arrives at Earth. All of this adds up to an enormous consumption of fuel. Even 
today's relatively small unmanned probes, which only make the trip one way, cany a large percentage 
of their total mass in their fuel tanlU. 

Initial missions to Mars will require this inefficient approach, but ongoing operations must find 
a better and cheaper way to make the transit. Cycling space^ps are a way to do this. They can become 
the ocean liners of space. 

A cycling ship would be targe enough to accommodate crew quarters, research facilities, food 
production, recycling recreation, and suffldent radiation shielding for the deep space environment. It 
would be outfitted in Earth orbit, then launched on a trajectory that would pla^ it in orbit aroimd the 
sun. During each revolution around the sun, its path would intersect the ortMts of Earth and Mars. This 
orbit could be maintained with a minimal amount of fuel consumption on each revolution. 

The advantage of this method is that the massive spacecraft would only need to be accelerated 
once to place it in this useful orbit. It would not decelerate when it approaches either Mars or Earth. 
Instead, it would be met by much smaller, simpler ships that would b^g crews and supplies headed 
between worlds. The small shuttlecraft would accelerate to match the velocity and direction of the 
cycler, dock with it, and stay aboard for the trip across the solar system. Upon reaching its destination, 
the small ship would detach and decelerate, using much less fuel than the fully outfitted 
interplanetary craft. Meanwhile, another small ship ^ing in the other direction would accelerate to 
meet the cyclW, and the process would repeat. 

Two cycling spaceships in differerU Earth'Mars orbits would be needed to provide suffideiU 
transit opportunities. A cyder will be a modular ^acecraft that will be spun around its axis to pro\nde 
varying levels of artificial gravity. On the trip from Earth to Mars, the gravity level initially can be 
set to duplicate what's normal on EartK and then graduaUy be reduced to the level common on Mars (a 
little over one-third of Earth normal). The process can be reversed on the return leg with the vehide's 
spin rate graduaUy increasing to help passengers re-adjust themselves to Earth gravity. 

Cycling spaceships would provide shipping lanes between planets. The concept can be extended 
to other planets besides Mars, although the r^ plamet is the most likely first candid!^e due to its 
relative proximity, useful characteristics, and position as the gateway to the asteroid belt. 
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A NEW LONG-RANGE CMUAN 
SPACE PROGRAM 


Program Thrusts 

The National Commission on Space proposes a future-oriented civilian space agenda with 
three mutually-supportive thrusts: 

• Advanciiig our undctstaiidiiig of our planet, our Solar System, atul the Univetse; 

• Exploring, prospecting, and settling the Solar System; and 

• Stimulating qmee enterprises for the direct benefit of the people on Earth. 

We judge these three thrusts to be of comparable importance. They are described in Pan I of 
our repon: Civilian Space Goats for 21st-Century America. 

To accomplish them economically, the Nation must make a long-range commitment to 
two additional thrusts: 

• Advancing technology aetou a broad spectrum to assure timely availability of critical 
capabilities; and 

• Creating and operating systems and institutions to provide low-cost access to tbe 
space frontier. 

These two thrusts are described in Pan II of our repon: Low-Cost Access to the Solar System, 
including Buileting the Technology Base, constructing a Highivay to Space, and establishing 
a Bridge between Worlds. 

A Logical Approach 

To meet the challenge of the space frontier, the Commission proposes a sustaiited step-by-stq> 
program to open the inner Solar System for exploration, basic and applied research, resource 
development, and human operations. This program will require a creative pannetship of 
Government, industry, and academia of the type that has proved highly productive in previous 
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national enterprises. U.S. leadership will be based upon a reliable, affordable transportation 
system and a network of outposts in space. This inhastructute will allow us to extend scientific 
exploration and to begin the economic development of the vast region stretching from Earth 
orbit outward to the surface of our Moon, to Mats and its moons, and to accessible 
asteroids. We can achieve our recommended program most economically and with minimum risk 
through a systematic program structured in accordance with the inner Solar System's natural 
charaaeristics: energy, distance, signal delay time, and availability of resources. These charac- 
teristics lead to a natural progression for future space activities within the iruier Solar System. 

* Low Earth orbits are those just beyond Earth’s annosphere and ate therefore the 
easiest to reach fiom Earth. They provide both our rrearest orbital view of Earth 
and our nearest clear window for observation of the Univetse. Freedom from strong 
gravitational effects allows experiments impossible on Earth and facilitates construction 
of large structures of low mass. In this region, our mother planet provides a sheltering 
skirt of magnetic field that protects us from the radiation produced by solar flares. 

■ Geoatadonaiy oifah, 22,300 miles above Earth’s equator, is the orbit in which space- 
craft match Earth's 24-hour rotarion and hold fixed longitudes. This valuable real 
estate is a tenth of the distance to the Moon and is the locale of today’s entire civil 
communications satellite industry. 

* Lunar distance is 240,000 miles. The Moon is our nearest nontetrestrial source of 
abundant materials. The energy required to bring materials from the Moon to high 
Earth orbit is less than a twentieth of that needed to lift an equal mass from Earth to 
such an orbit. Round-trip communication time for a television image traveling at the 
speed of light to arrive from lunar distance and for a rcspondiitg command signal from 
Earth can be as low as three seconds. This shon time may aUow practical tele- 
operation of remote machines on the Moon by people on Earth. 

* Mats and the asteroids are the nearest resource-rich bodies beyond our Moon. 
Because they are on the order of 1. 000 times as far away, voyages to them require many 
months. Even at the speed of light, round-trip communication with them involves 
times of 10 to 40 minutes, so robotic machines on these Solar System bodies must be 
"smaner" than those on the Moon. However, certain distant objects with valuable 
resources can be reached with low energy expenditure, including the Martian moons 
Phobos and Deimos and some asteroids. 

■ Work sites and energy. We gain access to useful materials when we land on a moon or 
planet, but pay a price in propellants to descend to those surfaces. There we also lose 
full-time solar energy, which is valuable for industrial processing, and lose micrograviry, 
which is advantageous for building large space struaures. Early industrial produaion 
in space may, therefore, be best achieved by transponing raw materials from the Moon 
to high orbit for processing and fabrication into finished produas in robotic faaories 
powered by continuous solar energy. As on Earth, the economics of mining, process- 
ing. transportation, fabrication, and point of utilization will determine the best loca- 
tions for transponation hubs and industrial centers within the inner Solar System. 
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THE UNIVERSE 



TAOTH ' 

OUR PLANn IS ONE OP 
NINE PLANETS CRClINC 
THE SUN 


i 


SPIRAL GALAXY 

OUR SUN IS ONE OF ONE 
IRimOS STARS IN THE 
MIIKV WAY GALAiV 


CUP CAIAXY !S ONE OF AI 
li'AST 100 BILLION 
OAlAJlES IN THL i'NOWN 
UN, VERSE 


Prtnapal Recommendattom 

Consi»(cm u*i(h our proposed fis*e basic thrusts and the logical approach outlined above, the 
ffliior parts oT our rqport that idUou- include a number of spedhc recommendations. 

Advancing Science 

%’e recommend an aggressive space science program vith three major objeaives: (1) under- 
standing the struaure and cN'oluiion of the Universe, our Galax>’, our Solar System, and 
planet Earth, including the emergence and spread of life; (2) applying this undemanding to 
forecast future phenomena of critical significance to humanity; and (3) using the environment 
of spaceflight and the tools of spice technt^ogt- to nudy the basic properties of nutter and 
life We have reviewed the curreni plant of U-S. science advisory groups for orderly progress 
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toward these goals in the several disciplines of science. We endorse these plans, and note that 
an exciting opportunity exists to integrate the research results from previously separate 
disciplines. In order to foster this integrated approach to research on fundamental questions 
in science, the Commission recommends: 

A auauined program to understand the evolution of the Univerae, through astronomical 
facilities of increasing power, precision, and sophistication at locations in more distant Earth 
orbits and at eventual locations on the Moon. 

A study of the evolution of the Solar System by using samples returned from selected 
planets, moons, asteroids, and comets. With returned samples, we can use all of our 
sophisticated laboratory technologies to perform the analyses. The results will also contribute 
significantly to the future discovery and utilization of space resources. 

A global study of planet Earth using both ground- and space-based instruments. The 
goal of the study is in-depth understanding of the processes that shape our planet’s interior, 
oceans, atmosphere, and polar ice caps, with particular emphasis on phenomena which affea, 
or are affeaed by, life, and the means to forecast, quantiutively, such phenomena. 

A study of the Sun and the vast region it influences, using remote sensing from Earth as 
well as interplanetary probes. We must seek to understand the generation of energy deep in 
the Sun, its transformation into radiations that aflea Earth and planets as well as life, and its 
interaaion with solar and planetary magnetic frclds. The processes involved occur throughout 
all space, so our understanding will be broadly applicable. 

A continuing program to search for evidence that life exists— or has existed — beyond 
Earth, by studying other bodies of the Solar System, by searching for planets circling other 
stars, and by searching for signals broadcast by intelligent life elsewhere in the Galaxy. 

Provision of state-of-the-art facilities for laboratory experiments on the ground and on 
the Space Sution to increase the returns from the Nation’s investment in space science, with 
particular attention to computer modeling, data access, advanced graphics, and artificial 
intelligence software. 

New research into the effects of different gravity levels on humans and other biological 
systems, as well as on processes in physics and chemistry. The planned space program and the 
extension proposed here provide both the opponunity and necessity to resolve fundamental 
questions and to solve pacing problems that depend on gravity. Particularly needed are 
long-duration studies of the reactions of humans and plants to the microgravity of free space, 
the one-sixth gravity of the Moon, and the one-third gravity of Mars. 


Exploring, Prospecting, and Settling the Solar System 

In addition to basic scientific research, we propose specific applied-science investigations to 
discover, study, and learn to use for human benefit the resources on the space frontier. These 
materials have special value because they do not have to be lifted from Earth and carried over 
a long supply line. As a natural consequence of these investigations, the future will see 
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growing numbers of people working at Earth orbital, lunar, and, eventually, Martian bases, 
initiating the settlement of vast reaches of the inner Solar System. 

Living in space will be practical even though for long-term good health, people and the 
food crops that support them require atmosphere, water, sunlight, protection from radiation, 
and probably some gravity. Technological advances will permit all of these requirements to be 
met in &ee space; food, oxygen, and water be recycled within an artificial biosphere, 
shielding from cosmic and solar flare radiation can be provided by lunar soil transported from 
the Moon unth little energy, and artificial gravity can be provided by rotation. In the event of 
illness or accident, we can return people to Eanh from lunar distance within a few days. 
Thus, the Earth-Moon region is favored for initial industrial production and for testing 
prototype spaceships and life-support equipment for later voyages to Mars and its moons. 

To support these activities the Commission recommends: 

Continuing robodc prospector missions, usir^ the techniques of remote sensing and of 
on-site measurements to discover and characterize usable materials on our Moon, Mars and 
its moons, and accessible asteroids. A very high priority should be given to discovering any 
resources that may be frozen near the lunar poles, to determining the potential water and 
hydrocarbon resources on the surfaces of Phobos, Dcimos, and near-surface layers of Mars, 
and to charting and analyzing all of the asteroids that pass close to Earth. 

Missions to obtain samples from seieaed sites on our Moon, Mars and its moons, and 
the most accessible asteroids. When prospeaor missions have identified the presence of 
valuable chemical elements, sample return missions will be needed to bring back enough 
material to charaaerize the minerals and initiate industrial process development based on the 
physical and chemical propenies of the samples. 

Robodc and human exploradon and surveying of substantial areas and special features of 
the Moon and Mars. This effort will begin on the Moon with automated roving vehicles tele- 
operated from Earth, and on Mars uith vehicles having substantial anificial intelligence. Robots 
u*ill be follou'ed by the first astronaut creu’s operating horn lunar and Martian outposts and bases. 

Human outposts and bases in the inner Solar System. On the space frontier, habitations 
with closed-ecology life-support systems and reliable power plants wiU be needed to suppon 
work creu’s and, eventually, their families for long-duration work. Maintenance of good 
health for people working on science, exploration, and enterprise in distant communities, 
some of them at less than Eanh-normal gravin’, requires more knowledge ^nd the develop- 
ment of dependable new systems. The development of long-duration habitation in space, 
based upon local resources, is essential to the support of aniviiies in all three of our primary 
areas: science, exploration, and enterprise. 


Space Enterprise 

Our proposals span the range from involving private enterprise more heavily in post-shuttle 
space transponation to the suppon of major new industries. We propose that NASA should 
have a role in encouraging ne>»' space enterprises through technological development and 
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demonstration analogous to its traditional successful support of the private seaor in aeronau- 
tical research. It is imperative that the private seaor be much more heavily involved in 
defining the nature and specifications of future launch vehicles. This will help ensure the 
adoption of commercial praaices that will reduce operating costs and make it possible to 
transfer operation of these vehicles to the private seaor. Future vehicles for cargo and 
passenger transpon should be designed to be readily operable by the private seaor after 
development is complete and routine operation is reached. To accomplish this the Commis- 
sion recommends: That wherever possible the private sector be given the task of providing 
specified services or products in space, and be free to determine the most cost>effective 
ways to satisiy those requirements, consistent with evolving Federal regulations. We also 
recommend: That NASA initiate research and development now on ^sterns and processes 
for application beyond low Earth orbit. 

These systems should include tele-operated machines to repair and refuel satellites in 
high orbit, and the machines of robotic lunar pilot plants. Lunar resource utilization will 
depend on automated and tele-operated machines which are reliable and easy to use. This 
equipment must be developed through the pilot-plant stage for robotic plants capable of 
transforming lunar and other non-terrestrial raw materials into propellants, shielding materials, 
structural elements, and industrial raw materials. 


Building the Technology Base 

The United States must substantially increase its investment in its space technology base. We 
recommend: A threefold growth in NASA*s base technology budget to increase this item 
from two percent to six percent of NASA’s total budget. This growth will permit the 
necessan acceleration of work in many aitical technical fields from space propulsion and 
robotic construction to high-performance materials, artificial intelligence, and the processing 
of non-terrestrial materials. We also recommend: Special empbaais on intelligent autono- 
mous systems. Cargo trips beyond lunar distance will be made by unpiloted vehicles; the 
earliest roving vehicles on the Manian surface will be unpiJoted; and processing plants for 
propellants from the materials on asteroids. Phobos, or Mars will run unattended. To support 
these complex, automated, remote operations, a neu’ generation of robust, fault-tolerant, 
pattern-recognizing automata is needed. They' must employ new computers, sensors, and 
diagnostic and maintenance equipment that can avoid accidents and repair failures. These 
systems must be capable of taking the same common-sense correaive aaions that a human 
operator would take. These dex'clopments by NASA should also have broad application to 
21st-ceniury U.S. industry'. 

We recommend demonttration projects in seven critical technologies: 

* Flight research on aerospace plane propulsion and aerodynamics; 

* Advanced rocket vehicles; 

* Aerobraking for orbital transfer; 
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* Long-duration closed-ecosystems (including water, air, and food); 

* Electric launch and propulsion systems; 

* Nuclear-electric space power; and 

* Space tethers and artificial gravity. 


These base technology and demonstration programs are discussed in detail in Part II of our 
report: Building the Technology Base. 
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Highway to Space 

The two most significant contributions the U.S. Government can make to opening the space 
frontier are to ensure continuity of launch services and to reduce drastically transponation 
costs uadiin the inner Solar System. The shuttle fl«i will become obsolescent by the turn of 
the century. Reliable, economical launch vehicles will he needed to provide flexible, routine 
access to orbit for cargo and passengers at reduced costs. A complementary system is needed 
for low-cost transpon from low Earth orbit to geostationary orbit and lunar distance. To 
reduce space operation costs as soon as possible, the Commission recommends that: Three 
major space transport needs he met in the next 15 years; the three major transport systems 
requirements are: 


* Cargo transport to low Earth orbit; 
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* Passenger transport to and from low Earth orbit; and 

• Round-trip transfer beyond low Earth orbit 

For cargo transport, we propose that a new vehicle be put into operation by the year 
2000 with a goal of achieving operation costs of $200 per pound delivered into orbit- 

For passenger transport, we see two competing developments for the follow-on to the 
shuttle: an advanced reusable rocket vehicle, or an aiibreathing aerospace plane. These piloted 
vehicles could carry both passengers and compaa cargo. Accordingly, we propose an intensive 
technology-base program for the next five years to provide critical engineering data on both 
systems so the Nation can make a sound selection by 1992. Key technologies include computa- 
tional fluid dynamics, dual-fuel rocket propulsion, supersonic combustion ramjet engines, high- 
performance materials, stmaures, aerodynamics, thermal shielding, and launch automation. 

The airbreathing hypersonic propulsion has broad potential for a number of 21st-century 
applications, including intercontinental passenger transpon, low-cost orbital transport, and a 
wide range of defense missions. The Commission therefore supports a major national 
commitment to achieve early flight research with an experimental aerospace plane. We also 
believe that in the next century the passenger transport system should be developed and 
operated privately for routine non-military operation between Earth and low Earth orbit. 

For destinations beyond Earth orbit, a new transfer vehicle will be required. In the 
coming era of fully reusable Earth-to-orbii vehicles, the needs of Government and industry 
for the reliable emplacement of expensive satellites beyond low Earth orbit will require new 
space-based "workhorse" vehicles designed for flexibility through modular systems. Basic 
components should be capable of being ganged, or provided with extra tankage, for higher 
energy missions. They should be capable of transporting both cargo and people, be reusable, 
employ aerobraking, and be adapted to on-orbit servicing, maintenance, test, and repair. A 
transfer vehicle will be required to lift large payloads to geostationary orbit, to move payloads 
and creu's to lunar orbit, to land payloads on the lunar surface, and to travel beyond the 
Eanh-Moon system. Its Space Station base may be a critical pacing item. This vehicle should 
be designed for return to a low Earth orbit spaceport using aerobraking. The Commission 
recommends that: The U.S. Space Station program be kept on schedule for an operational 
capability by 1994, without a crippling and cqwnaive '"stretch-out,” aitd a space-based robotic 
transfer vehicle be developed to initiate a Bridge between Worlds. 


Bridge Between Worlds 

Many of the systems needed for reaching outward to the planet Mars will be proven in the 
course of work in the Earth-Moon region. Others listed here are special to operations 
conducted at distances so remote from Earth that tele-operation and close mission support 
are not possible. To build the 21st-cemury Bridge Between Worlds that will open the Solar 
System, the Commission recommends: 
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BRIDGE BETWEEN WORLDS 



Developing telieble Ugb-perfonneiice electric pnpuliioo qrtteiiif, including mass- 
drivers and ion propulsion able to operate throughout the endre Solar System. Candidate 
technologies should be pursued vigorously to ensure that they will be ready when needed. 
Mass-driver reaaion engines would be able to use as propellana taw materials from Earth’s 
Moon. Phobos, Deimos, or asteroids. They, and other electric thrusteis, would be able to tun 
on solar or nuclear electric power. 

Developing frilly aelf-aiiataining biospheres independent of Earth. For routine operation 
beyond the Moon, it is essential that life suppon be mainuined using on-site materials, 
without reliance on long supply lines. 

Establishing initial outposts and bases on the Moon and Mats that combine objeclivea, 
including life-suppon. science, exploration, prospecting, resource development, material pro- 
cessing. automated rocket fuel produaion, and robotic fabrication. Long-term exponential 
growth into eventual permanent seiilemenis should be the overarching goal. 


An Economical, Phased Approach 

In considering the financial resources required to carry out our recommended agenda and 
future civilian space budget levek needed to meet our goals, the Commission considered the 
potential growth of the U.S. economy from a number of perspectives, as discussed in Pan IV 
of our repon: 2lsl-Ceiilury Amenca Based on what we believe to be realistic growth 
assumptions, we ate confident that the long-range agenda we recommend can be carried out 
within reasonable civilian space budgets. Figure 1 outlines our pha^ approach to achieve 
low-cost access to the Solar System. The Midway to Space suns with economical new cargo 
and passenger transpon vehicles, adding a transfer vehicle for destinations beyond low Earth 
orbit. These three systems would become operational in conjunction with an orbital spacepon 
within 13 years. In the following S years, the Bridge Between Worlds would suppon initial 
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robotic lunar surface operations, followed by a permanent outpost to support astronaut 
operations. In 10 more years the space bridge would be extended out to Mars for detailed 
robotic exploration followed by a Mars outpost for human activity. To achieve this the 
Commission recommends that: The f^iaaed apace tianspoitatitMi network outlined in Figure 
1 be developed and placed in operation. It starts with simple components, but evolves over 
time into a system of spaceports, bases, and connecting transporudon systems that will open 
the space frontier for large-scale exploradon, science, and the inidadon of economic develop- 
ment. Resources will be utilized where they are found, to minimize the need for resources 
transponed from Earth. This inner Solar System network will ensure continuing American 
leadership in space in the next century. 

ImpletDcndng die Program 

The hallmarks of this program are the techrKilogical advances needed for major cost- 
reduaion and capability extension. Figure 2 depicts the growth of the U.S. Gross Nadonal 


LOW-COST ACCESS TO THE INNER SOLAR SYSTEM 



FIGURE 1 
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Produa (GNP) for the past 25 years, and projects it forward for 50 years at an annual growth 
rate of 2.4 percent, as discussed in Part IV of out report. The estimated annual costs of the 
space advances that are outlined in Figure 1 are shown as an extension of the U.S. civilian 
space budgets of the past quarter century, assuming conrinuing international and commercial 
contributions to the program. Note that the percentage of the U.S. GNP invested in opening 
the space frontier would remain below one-half of the percentage spent on space during the 
peak Apollo years. We believe that these estimated levels of expenditure will prove to be 
affordable and reasonable in view of America’s projected economic growth and the increasing 
significance of space development in the next century. We recognize, however, that this 
long-range program is a new challenge to the management of our Nation’s space enterprise. 
For this reason we recommend that: The Adminiatration and the Congress continue to work 
together to set a new long-range direction and pace for America’s civilian space program. 
We sincerely hope that this Commission’s report will contribute to a reexamination of and 
fresh approach to America’s future in space. We see the need for longer-range vision, greater 
leadership, and more effective management of critical technological, financial, and institu- 
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donal resources. This will also faciliute greater public understanding and participation, and 
more rewarding international partnerships. 

The Commission’s report has value only to the extent that its recommended space goals 
for 21st-century America are adopted and acted upon. If the decision is made to proceed 
along these lines, the detailed review, planning, and budget preparation should be carried out 
by NASA in consultation with NOAA and other agencies. The Commission therefore 
recommends that; The President and the Congress direct the Administrator of NASA to 
review the Commission*s findings and proposed space agenda, and by December 31, 1986, 
to recommend a long-range implementation plan, including a specific agenda for the next 
five years. 


Improved Oversight Through a Longer-Range Pe rsp ec ti ve 

The President’s Blue Ribbon Commission on Defense Management has recommended a 
number of reforms in defense systems acquisition that parallel our conclusions on improving 
the management of America’s civilian space program. We recommend three specific changes 
similar to those proposed by the Packard Panel: 

Twenty-year civilian space program and five-year budget planning to establish long- 
range goals and budgets for review and decision by the Administration and the Congress; 

Multi-year procurements to replace year-by-year funding, with firm decisions that 
eliminate annual changes which have proven very costly to NASA and its contractors; 

Two-year overall approval of civilian space budgets by the Office of Management and 
Budget and the appropriate Congressional comminees to replace annual line-by-line auditing. 

International Cooperation and Competition 

This is discussed in detail in the seaion: International Cooperation and Competition. In 
proposing continuing American leadership on the space frontier, the Commission recom- 
mends that. Vigorous steps be taken to attract other nations to work in partnership with us. 
We must mobilize this planet's most creative minds to help us achieve our challenging goals. 
All of humankind will benefit from cooperation on the space frontier. 

Twelve Technological Milestones in Space 

The program we propose sets the stage for exciting achievements in pioneering the space 
frontier. A dozen challenging technological milestones would mark our progress: 

* Inirial operation of a permanent Space Station; 

* Initial operation of dramatically lower cost transport vehicles to and from low Earth 
orbit for cargo and passengers; 

* Addition of modular transfer vehicles capable of moving cargoes and people from 
low Earth orbit to any destination in the inner Solar System; 
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* A tpace^ft in low Earth ori)it; 

* Operation of an initial lunar outpost and pilot production of rocket propellant; 

* Initial operation of a nuclear electric vehicle for high*energy missions to the outer 
planets; 

* First shipment of shielding mass from the Moon; 

* Deployment of a Spaceport in lunar orbit to support expanding human operations on 
the Moon; 

* Initial operation of an £arth«Mars transportation system for robotic precursor mis- 
sions to Mars; 

* First flight of a cycling spaceship to open continuing passenger transport between 
Earth orbit and Mars orbit; 

* Human exploration and prospecting from astronaut outposts on Phobos, Deimos, 
and Mars; and 

* Start-up of the first Martian resource development base to provide oxygen, water, 
food, construction materials, and rocket propellants. 

With these giant steps, America will lead a dynamic movement of humankind to new 
worlds in the 21st century. 


BENEFITS 


The neu' space program we propose for 2 Isi -century America will return tangible benefits in 
three forms: 

* By **pulling-through" advances in Kience and technology of critical importance to the 
Nation's future economic strength and national security; 

* By providing tflrect economic returns from new space-based enterprises that capitalize 
upon broad, low-cost access to space; and 

* By opening new worlds on the space frontier, with vast resources that can free 
humanity's aspirations from the limitations of our small planet of birth. 



109 


BEXERTS 



in me loregrouna is an aeroyiaca o>ane ano me Eann spaceQon the Soacecori is rKeniDQ cargo from a cargo 
ifansoon vert'Ce cower reft-nano comer) 'ft me oactgrogrHJ, a iwo-yage transier «nicie is refummg lo me Earm 
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Pulhnf^-Through " Tfchnolo^' 

As wc learned in World War II. government-acadcmia-industr>' teams mobilized to accelerate 
advances in science and technologs can build the loundations for nesi' growth industries even 
though the original objectives were narrowly focused on miJitarv’ requirements. Wartime 
breakthroughs in |ei propulsion, antibiotics, svniheiic rubber, oil pipelines, nuclear energy, 
microwave radar, liquid-fueled rockets, radio guidance, electronic computers, and other 
svstems led lo America's high grouih industries of the 1960s and 1970s in global jet 
transpon, pharmaceuticals, synthetic materials, nuclear electric power, microwave communi- 
cation. electronic computers, and many others Technological advances from later Govern- 
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ment programs made possible today’s weather satellites, global marine communications, and 
the multibillion-doUar communications satellite industry that links together more than 100 
nations on every continent. The space program has also initiated additional fledgling industries 
in remote sensing, direct broadcast, and navigation that appear likely to become future 
growth industries. 

The program we recommend will motivate people, provide new standards of excellence, 
and stimulate many fields of science and technology, including those that we believe will be 
most critical to the economic growth of 21st century America. Specific examples include 
artificial intelligence, robotics, tele-operation, process automation, hypersonic flight, low-cost 
global and orbital transport, optical communication and data processing systems, ultra- 
high-strength and high-temperature materials, supercomputers, wireless power transmission, 
pollution-free vehicles (elearic and hydrogen-oxygen fueled), orbital anteima farms, closed- 
ecology biosphere operation (which could revolutionixe intensive agriculture) — and myriad 
others. 

Return from Investment in Technology 

In the last 50 years, Government sponsored research and development created “enabling 
technologies” in aeronautics and in communications satellites. The needs of governmental 
agencies and of the public for neu' services attraaed private capital to apply those technolo- 
gies. leading to great neu* global industries. In the airmail contraas of the 1920s and 1930s, a 
public need for service played an additional vital role through the guarantee of markets to 
assist the grouih of fledgling airline companies. 

During the next 20 years, the Space Station may spark new industries by serving as a 
space laboratory for academic and industrial researchers. New processes of economic 
significance can be expected from applied materials and processes research in microgravity. 
Other neu' economic opportunities may come through laboratory environments isolated from 
Earth's biosphere, through the orbital global perspeaive for communications, navigation and 
observation of Earth, and through increased public access to space. Obtaining a return from 
new processes will require private investment in orbiting industrial parks established to 
provide common services to entrepreneurial companies carrying out independent operations 
in orbit. 

Kew Space-Based Enterprises 

In order to attraa substantial private capital to build new space industries, the Government 
should create as early as possible the least expensive enabling technologies sufricient to open 
the cnerg>’ and material resources of space. The private scaor, especially its entrepreneurial 
pan, is well situated and motivated to find the most rapid way to serve new markets. 
Companies are driven by the need to obtain returns on their investments, and financing is 
extremely difficult to obtain for high-risk ventures unless the returns occur quickly. This 
forces speed and concentration on specific opponunities. 



Ill 


21 

SENEFfTS 


We believe there will be such opportunities when the Highway to Space is extended via 
the Bridge between Worlds to high orbit and die Moon. The first products based upon 
materials found on the Moon include oxygen for rocket propellants and raw mass for 
shielding piloted orbital stations against cosmic and solar Bare radiation. When the Highway 
to Space is extended to the Moon, an opportunity will be created to bring those products to 
Earth orbit at far less cost in energy than lifting them from Earth. 

The transfer vehicle, capable of round*trip journeys fi^m low orbit to the Moon and of 
piloted or remotely piloted operation, to whidi we give high priority in our recommenda- 
tions, is the enabling technology needed to emplace experimental plants which could be 
operated by the private seaor. When that second link in our space transport system is 
completed, the event will compare in significance to the driving of the Golden Spike in Utah 
more than a century ago that marked completion of the transcontinental railroad. 

Private companies, driven by their need for rapid return on investment, could make use 
of the transfer vehicle to emplace economical pilot plants to provide lunar-derived shielding 
and oxygen. These plants would make strong use of robotics technology and would probably 
be tele-operated remotely from Earth. They would serve a highly valuable reinforcing role to 
the long-term space program by demonstrating soon the practical value of space resources. 
The Government could serve a vital role and reduce its own costs for space operations by 
committing to buy shielding and oxygen in Earth orbit. 

We cannot foresee the ingenuity that companies, established or entrepreneurial, will 
bring to the building of new industries in the 21$t century based upon the Highway to Space. 
Nor can we know the individuals whose names will rank with Douglas, Boeing, Sikorsky, and 
the other pioneers of the aeronautical industry. But looking back for analogies, we know that 
one of America's greatest heroes, Giarles Lindbergh, praaiced the skills of piloting in heavy 
weather, prior to his Adantic crossing, by dying the U.S. mail. 

New Worlds on the Space Frontier 

The immediate benefits fiom advances in science and technology and from new economic 
enterprises in space are sufficient in our view to justify the civilian space agenda we propose. 
However, we believe that the longer-term benefits from the settling of new worlds and the 
economic development of the inner Solar System will prove even more rewarding to human- 
ity. These returns are difficult to quantify. What was the true value of developing and settling 
North and South America, Australia, and New Zealand? Today more people speak English, 
Spanish, and Portuguese in the New World than in Europe, and they have built economies 
surpassing those of Europe. But the contributions to humanity from Columbus* “New 
World" are surely far beyond its material returns, impressive as they are. We believe that in 
removing terrestrial limits to human aspirations, the execution of our proposed space agenda 
for 21st-century America will prove of incalculable value to planet Earth and to the future of 
our species. 
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Prepaging Todays Students and Educators for a High^Tedi Tomorrow 


NASA’s vision for educadon is to pnmiote the porwit of 
excellence by involving *lhe educaioosl com- 
munity in our endeavors to inspire America's snidents. cre- 
ate If Mating ftppn minitiet , »fw4 wilighten ioquisidve miods.** 

In canying out its educatioo prograLis, NASA is particu- 
larly cognizant of the powerful anraaioo the NASA mis- 
sion bolds for students and educators. The unique chaictfr 
of NASA's exploration, scientific, and technical activities 
has the abiUty to captivate the imagiaatioo and eacitemem 
of students and teachers, and to channel this into educatioo 
endeavors that support the National Educatioo Goals. 

Major Programs 

• Teacher/Faculcy Prepantiea and Eahanoemcat 
Programs -NASA uses its missiaa. fadlines. human re- 
sources. and programs to provide exposure and o^meoces 
to teachers and faculty to luppon the enhaooemeot of knowl- 
edge and skills, and to provi^ access to NASA urfonnatioD 
m laencc. mathemaocs. technolog)'. and eagmeenog 

• Curriculmn Support and DiiMsiinatieiH—NASA pro- 
vides supplementan instructional miienals and cumciiU 
in soeoce. miihematicv engineerug. and (Bchnology based 
00 NASA's ucuque nussion. and to support the develop- 
ment and augmenaooo of higher educaooo curricula. 

• Support for Systemic Chaife Progms— NASA sup- 
pons local, state. regiotiaL and ononal efforts to 

the goals of the educatiooal oottununity through individual 
or coUabonnve efforts with a range of partners Systemic 
change encompasses the process wtaereby an entire system 
is re-engmeeied toward achieviogaDewgoaLNASAisoom- 
mitied to supporang systemic initiatives in the areas of set- 
eoce. mathematics, and technology educuion. and activi- 
ties vary depending on the needs of the institutiM. 

• Student Support Pnrcnmr- Ni*i5i*i uses its missioii, 

facilioes. human resources, and programs to provide infor- 
mation. expenences, and research opportuniues for K-12. 


undogradnate, and graduate students to support the en- 
baDCCiDentof knowledge and skills in the areas of science, 
e^ineering. and technology. 

• Edocntfonal Tcdmology — ^NASA uses its unique assets 
to provide products and services that facilitate the api^- 
cation of technology to enhance the educatiooal process 
for fonnal education and lifelong learning. 

• Misaion, Rceearch and Development, and Opera* 
tieni NASA uses the talent and resources of the higher 
education community in programs that contribute to the 
development of new ksx>wledige in support of the NASA 
mission. 

Program Achievements 

• In 1996. NASA reached more than 3 million elementary, 
secondary, and college students, teachers, and faculty 
through education programs and educational technology 
resources. 

« More than 200.000 teachers participated in NASA edu- 
cation programs; 20.000 teachers worked with education 
specialists and NASA scientists in laboratories at NASA 
Field Centers. 

• Of the students from the Summer High School Appren- 
tice Research Prognun (SHARP). 99 per ce nt graduated 
from high sebod and were accepted in colleges. 

• NASA Spacelink. an inienctive network system for edu- 
cators. logged 1363.000 total sessions in 1996. Of this 
total. 208.000 sessioDS averaging 20 nunutes/session were 
logged for 1.800 regisiBred educator accounts. 

• The Center-based K-12 internet Initiative, which is pan 
of the High-Performance Computing and Communica- 
tions progniD, provides demo nstra tion projects and on- 
line sysems defeated to bringing NASA sdence to teach- 
ers and undents in the classroom, using exanqrles from 
NASA’s unique missions. NASA, led by the Ames 
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Research Ceoter. organizes various interactive on-line 
inojects that connect classrooms with ongoing science 
and engineering work. In 1996. 25 World Wide Web sites 
were established, with more than 2,000 schools involved 
in K-12 aeronautics cooperative agreements. 

• Fiscal Year (FY) 1996 marked the third year of the NASA 
Etpenmeotal Program to Stimulate ConqMiiove Research 
program, with continued funding for the originaJ six 
awardees. These six consortia, in their first 2.5 years of 
operation, produced 225 refereed papers and were 
awarded $62 million in successful proposals. The origi- 
nal six awardees were evaluated at the end of FY 1996 to 
determine their eligibility for an additional 2-year award. 
Five states wm evaluated by a panel of NASA officials 
to be worthy of 2 addidonal years of funding. One state 
will receive at least 1 additional year, with recommenda- 
tions for improvemeoL In addition, 14 proposals were 
received for the second round of awards, with four new 
states selected in late FY 1996: Kansas, Nebraska. Okla- 
homa, and South Carolina. This brings the current num- 
ber of awardees to 10. 

Current Activities 

Examples of NASA's current educadoo (mgrams include: 

• Teacher prepantioD programs such as Project NOVA dis- 
seminate nahonally an undergraduate pre-service model 
based on standards and benchmarks for science, math- 
emancs. and technology. Teacher eohanceokent programs 
provide opporrutudes for in-service teachers to update 
their backgrounds and skills in saeoce. mathemadcs. and 
technology. For example, NASA Educadoo Workshops 
for Elementary School Teachers and NASA Education 
Workshop for Mathemadcs. Science and Technology 
Teachen prox'ides leadership onMrmoiry for 250 out- 
standing teachers; and the Urto Community Enncfameci 
Program provides more than 900 urban teachers greater 
exposure to rtew NASA knowledge. Using muluple for- 
mats. ‘Teachiog from Space" develops producu that are 
incorporated inioeahanccmeatacaviues. providmg tools 
that can be applied in the classroom and dissemuiaied 
through the Educator Resource Ceoter Network. 

* The Aerospace Education Services Program has been 

redirected to an emphasis on teacher enhancement, so 
that specialists are now directly involved in supporting 
state systemic reform by providing twrhnirai linkages to 
NASA research and development and » <-»n programs 

and services. 

* The Nanonal Space Grant College and Fellowship Program 

contuues to evolve as a nanonal network of insdtudoos with 
interests in aerooaudcs. Eanh/space sdeaces and technol- 
ogy. Space Grant Coasorda are present in every suie. plus 
the District of Columbia and Puerto Rico, involving more 
than SSOinstxtudoos. The total dutaunement of NASA space 
grant funds in 1996 was S14.6 The consortia more 


than Ttiaicbed this amount with $26 million from other Fed- 
eral sources, ediicttional insdnidoDs, qate^ocal governments, 
and mdustry. 

• The Space Science Student Involvement ^gram is an- 
other very effective program, managed in collaboration 
with the National Sdmce Teachen Association, the Na- 
tional Coundl of Teachen of Mathematics, and the Inter- 
national Technology Education Association, that promotes 
literacy in science, mathematics, and technology among 
U.S. sDidents in grades 3-12. In FY 1996, more than 1,500 
teachen and 8,000 students pnlicipaied in and entered 
contests that demonstrated the students* skills in science 
as well as art, gr^hics, and writing. 

• The Graduate Student Researchen Program provides 
graduate fellowships natioowide to post-baccalaureate 
U.S. citizens to conduct thesis research. Awards are made 
to a graduate student for a maximum of 3 yean. On an 
annual bads. NASA supports approximately 400 gradu- 
ate sTu dents puruiing maker's or doctorate degrees in ar- 
eas compatible with NASA’s programs in Eaith/space 
science, aeronautics, and aerospace technology. 

• The NASA Classroom of the Future continues to be the 
major comp one n t of the educational technology program. 
Its role is to translate NASA technologies and research 
results into learning tools, demonstrations, and teacher 
enhancement programs that support standards-based 
education reform. 

Partnerships 

• The presidents of the Astronaut Memorial Foundation, 
Challenger Center for Space Science Education. U.S. 
Space Camp. U.S. Space Foundation. Young Astronaut 
Council, and Space Center Houston have joined with 
NASA to form the Aerospace Education AUiance. This 
alhance seeks to leverage individual efforts in supporting 
the goal of U.S. students being first in the world in sci- 
ence. mathematics, and technology. 

• NASA's Education Divisioo held a workshop in laie cal- 
endar year 1996. in partnership with the National Alli- 
ance of State Science and Math Coalitions, titled “Link- 
mg Leaders for Systemic Reform.” This workshop brou^t 
together NASA principal investigaion. education, science, 
and maihematics coalition leados from the states of Ohio. 
Mississippi, and Colorado to focus on systemic change 
in those states. 

NASA Spacciink 

World Wide Web: http ://www jiasa.gov 

Gopher spaceluiLinsfcjiasa.gov 

Anoymous FTP: ^iacelinLnikcjiasa.gov 

Telnet: spacelinLmsfcjiasa.gov 

TCP/IP address: 192.149.89.61 
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Life and Microgravity Sciences and Applications 


Using the Space Environment to Improve Life on Earth 


Life Sciences Programs 

NASA's life sCTences research investigates the role of gravity 
in shaping living systems. The resulting knowledge is used 
to ensure the health and safety of space crews and to improve 
the health and the quality of life of people on Earth 

Through ground-based and in-flight research, life sciences 
programs investigate the effects of micrograviry on plants 
and anunaU. Ground-based invesngadons obtain baseline 
informatioii. validate flight expenmeot procedures, and test 
experiment hardware. Flight research involves flying 
experiments on missions ustng the Space SbuaJe and Russian 
space vehicles, such as the Bion satellite and Mir space 
suQOD. Scienofic investigations are earned out in: 

Grasiiadoaal Biolog}' and Ecologv 

• Cell and Molecular Biology 

• Developmental Biology 

• Plant Biology 

• Global .Mooitormg and Disease Predictioo 

Biotnedtcal Research 

• Physiology and Countenneasures 

• Behavior and Performance 

• Environmental Health 

• Radiation Health 

Advanced Human Support Technology 

• Advanced Life Support Technology 

• Space Human Factors Engineering 

• Environmental Momlonng and Control 


Microgravit>' Science Programs 

NASA’s Microgravity Research program reveals important 
physical, chemical, and biological processes that are 
obscured by graviry on Earth. Frequently, the research allows 
scientists to provide supenor measurements of fundamental 
physical and biological properties unattainable on Earth 
These data can be used to validate or challenge scientinc 
theoncs, or serve as the basis for developing new ihcones 
to explain unexpected discoveries. For many scientific 
diSCipUncs. research in the space environment is a new realm 
of discovery, providing fundamental insights that can serve 
as the basis for new applications and technology 

• Biotechnology 

• CembusnoD Science 

• Gravitabonal Physics 

• Fluid Physics 

• Matenals Science 

A oaniral extension of cradmonai Earth-based laboratory 
sctcocc, NASA’s program sets the micrnatiooal standard of 
excellence in space-based tnicrogravity research. The 
research is evolving from the relabvely short cxpcrimeDts 
possible dunog Shuttle flights to long-duradon fUghts on 
orbiting platfonns such as the Russian Mir space sQtioo 
and the Inieroahonal Space Station. 

Aerospace Medicine Program 

NASA's Aerospace Medicine program is focused on 
ensuring crew health in the human space flight program. 
Through the development of appropriate requirements for 
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medical opendoBS tod medical research, the program 
supports several activities, including telemedicine, the 
ope: onal monitoring of crews’ health status, the 
d^c* lent oflongitudma] studies ofastronaut health, and 
the dc ■ .iopment of new technologies in health care. These 
acdvides have been beneficial to the enhancemeni of life 
on Earth. 

Space Prodnct Development 

The Space Product Develt^iment program provides the 
required access to NASA e xp er im e n t fuilides and offers 
access to space, udlizmg the Shuttle middeck, SPACEHAB, 
and Wake Shield facilities. Such access is prohibitively 
expensive for most corporations or small businessei, 
especially at the high-risk, exploratory stages. This bamer 
to access the commercial use of space has greatly inhibited 
the commercial development of space-linked products or 
services. Through the cost-sharing partnerships amoog 
NASA, universities, and industry offered by the Space 
Product Development program, private enterprises of alt 
sizes are able to afford the research most importaot to the 
development of space-linked commercial products and 
services. 

Resulting BeoeficisI Commerdnl Products 

NASA's life and microgravity research projects have 
generated a wide range of benefits and spinoff products; 

• Biorcactor — NASA developed this device to keep hu- 
man and other cells ahve and heahhy during space ex- 
penmeots. It is aheady helpng cancer research oo Eanh 
by providing a bener way to grow and study tumors. 

• Eieimer Laser AngiopLasty— In treating blockage of 
corooary anenes. this syston uses a '’cool*' User that re- 
moves artenal deposits with excraordinary precision and 
without unnecessary damage to arterial waJb. The device 
resulted from a NASA-sponsored program to measure 
gases u (he Earth's atmosphere. 

■ Combiistioii--'nus is an m^iortxm technique for estab- 
lishing fuel-lean fUznes, vital to significant reduenon in 
nitrogen oxide pollutants. Combustion has diffenat prop- 
erties 10 space, and NASA research offers new insights 
into this age-old tool of humanity. 

• Co^ Suits— The liquid ganiieo t won by astro- 

nauts has been adapted to belf» people born without sweet 
giands to ehminaie excessive body beaL Some people with 
mulnple sclerosis have found that the oool suit relieves 
their symptoms. In both cases, tbe cool suit technology 
enables them to lead much more normal fives. 


• Fatter, Better B l ood Aimlyacr^^NASA qionsored tbe 
development of this veraatile. eco n o mi cal instrument for 
tbe rapid separation and identificanon of blood compo- 
nents in very quantities to «« the health 
safety of crews during Imig stays in space. It is both a 
research instrument and a diagn^c tool, with many ap- 
plicatimu in medicine, forensic sdeoce. pathology, bio- 
cbemisny. and other biological scimers Cquble of ana- 
lyzing a range of fluid substances other than blood, it 
tlso is fiwAng use in the food, agricultural, co sme tic, 
and ^larmacnitical industries. 

• Impiantabte Medkntkm Syiti nii Surgically inylant- 
ing this system in a diabetic’s abdomen can entt>le insu- 
lin to be repkoiabed oontmuously to a patieot’s body. 
Tbe pumping mechanism was based on a design devel- 
oped for the Mars Mking lander. 

• Rcmettty PiogrwmaUc Pacemaker — ^Doctors can 

re pfopam and fine-tmie a wnbout tbe risks 

involved in surgical procedures by using bi-directional 
tekmetry. This two-way communicaiioiis technology 
was otigiaally devtlc^ed by NASA to communicate be- 
tween Eanh-oilHiing satellites and ground stations. 

• Fetal Moahering — NASA and the University of Caii- 
foreia at San Francisco are collaborating to apply medi- 
cal sensor technology to save the lives of newborn chil- 
dren and reduce medical costs. 

• Mechanical Response Tiaanc Analyzer — NASA, 
Stanford Universiiy. and a small business teamed to de- 
velop a device that can directly measure tbe sdftiess of 
long human booes by measuring the response to vibn- 
Don. 

• Tckmcdkiiic Instrumaitation Pack (TlPH^The TIP 
IS a compact package of medica] diagnostic hardware 
that IS being developed to support medica] operations 
aenvioes oo tbe InicntatioDal Space Staboo. This device, 
interfaced with a computer, can be used as a tool to aid 
m remote diagnosis. It has potenoal applications in di- 
saster respoDsc. 

• Left Vcstncular Aaatt Device (LVAD)— This device 
IS an axial flow pump that has incorporated technology 
similar to tbe Space Sbuttk main engine turbo pumps. 
The LVAD pwides supplemental blood flow to 
compensate for insufficient flow from tbe natural heart 
Because the unit is extremely small and uses very liak 
power, the LVAD will be heti^fieiai to many 

with hean disease. 

• Inicract-Baaed TdcmMUdnc — NASA is the 

Imereet and Inieniet tools for videoconferencing to 
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telgmediciae considtitioos remotely. The appli- 
cAioa of eompuierttchnoiogy end iactpeosive crnDputer 
oetwocks his meny if^Ucnoos. includiog disisier pre- 
pwedoess. medicil coosuliaiion. and distiace leaming- 

• Later Eye TtMtiBeiit>-OphthalDO}ogi5t5 may be ible 
to irace the early syaptoa^ of eye diseases and spot 
catuacts before they are severe enough to require surgery. 
thanka to a NASA-developed laser light scanering 
diagnostic probe. The mstmiDent has already been used 
is crtperiraents investigating cataracts during the early 
stages of formation. The instrument is nearly ready for 
clinical trials. 

Fnture Research 

During 1997, the life and micrognvity sciences programs 
will find ^tproximately 1 ,462 principal and co-investigators 
and fly more than 53 science experiments. 

Budget 

The Fiscal Year 1997 budget for life and microgravity 
sciences is S243.7 million, a decrease of almost S60 million 
from 1996. To enhance its science and technology 
development activides in an era of level or budgets, 

NASA has established several cooperative ventures with 
external organizations and researchers, including other space 
agencies. 

Partnenhips 

• industry — Research results from microgravity experi- 
ments are used to enhance the nation's scientific, medi- 
cal, and industrial base. NASA tissue culture research. 


for etan^e, has given the medical community a power- 
ful new tool to snidy bow cells form tissue, both in space 
and on Earth. 

• Goveramcat — ^Agreements with the National 

of Health have led to joiiii uorieshops on the value of grow- 
ing protein oystals in ^ace. ftoteins are inqKnant com- 
plex biochonicals that serve a variety of purposes in liv- 
ing organisms. Detennining the molecular s&ucmre of pro- 
teias will lead to a gmter raderstanding of bow the or- 
gawiMM fuBctkm. Knowledge of the ttructures also can 
help the pharmarmrical mdasery develop disease-fight- 
ing drags. In addition. NASA is collaborating with the 
iftfiiiuies on several p roje cts involving cancer research, 
including a technology to in^rove digital mammography 
techthques. 



NASA's Aerospace Medidne program has sponsored the 
development of an educational relationship among 
NASA’s Johnson Space Cento, the Russian Minisoy of 
Science and Technology Policy, the Institute of Medical 
and Biological Problems in Moscow, and Moscow State 
Univeniiy. This relationship hat resulted in the creation 
of the Space Biomedical Cento for Research and Train- 
ing at Moscow State UniversiTy. The cento is focused on 
areas of cooperation, such as education and tiaiiiing in 
aerospace medicine and telemedicine. In addition, the 
cento was formally created afto the June 1993 Gore- 
Chonomyrdin Commission. 

Agreements are in place with major universities in the 
area of aerospace ntedicine training and basic research 
in a variety of disciplines, such as telemedicine, the 
LVAD. and biotechnology. 
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■ Technology Opportunity 


NASA’s Operational Environment Team 
at Marshall Space Flight Center 



NASA's Operational Environment Team (NOET) is looking for ways to share 
technology and information about environmental protection research with U.S. 
industr)' and other concerned agencies. NOET was organized in to ensure 
Federally mandated requirements of the Environmental FYoteciion Agency (EPA) 
and the Occupational Safety and Health Administration (OSHA) are met to protect 
and restore our environment. 

NASA's Marshall Space Right Center (MSFC) in Huntsville. Alabama, has been 
designated the lead Center for environmental replacement and propulsion 
technologies. In MSFC's Productivity Enhancement Complex. NASA is partnering 
with other Goveromeni agencies, industry, and academia, working to develop 
materials and manufacturing processes to meet Federal environmental protection 
Standards. Along with environmental concerns, these partners are searching for 
ways to enhance the space program as well as foster technology for America's 
industries. 



Potential Commercial Uses 


The N.i(i«muI ikv\I i«*rvn\irt»nincnial pniieciutii and cleanup is prt>pclling iiulu>tr\, 
.iiid (tos eminent aceneies to lintk fur iittvrc cHeetisc and clVieicnt ways U)npt.Taic 
Thrt'ucb NOliT NCMcitMsedala base, inlormation about cn\ innimenialls pn>iceii\e 
hardw arc and replaceiiKni Nubsianees are available iti other Governmeni agencies, 
indiisiry. and acaileini.i. 


Benefits 

N(irT serves I ikMnnglhnisc tor NASA-wide ensintninenial pnijeeis Ainorie.m 
engineers wilt prevem duplication of effon as they tup into NOET's ptMil oi 
inloniiaimn. By ukmg advantage of available NASA-developed leehnology and 
data. L'.S mdustnos will save valuable lime and money as they strive lo nieei 
hederal regiilalit>ns designed lo prniecl the environment. 

Pub 5-537-2(0lt 

National Aeronautics ar.o 
Soace AoiTiinisitaiion 

George C Marshall Space Flight Center 
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The Technology 

Replacement Technology 

In MSFC’s Pruduciivit) Enhuncemcni Complex (PEC), sciemisls are developinj: 
repijcemeni (echnolo^s tor adhesive^, degreasers, dewaxers, fuels, paints and paint 
strippers, primers, insulation, flushing and cleaning agents, precision-cleaning 
materials, bitming agents, and brazing alloys. In the PEC. over -K) research cells 
are home to investigations for better materials processing, composites 
manufacturing, coatings and applications methods, and insulation improsements 
to protect and restore the environment. 

In one PEC research cell, scientists use robotics to blast frozen carbon dioxide 
pellets onto a surtace in an effort to find a replacement for harsh chemicals currently 
used for cleaning. Robotic walerblasling is being used in another cell to strip coatings 
from a surface without harming the environment. 

National health, safely, and environmental standards have led to the development 
of coalings. Alternative coatings arc being tested to replace anticorrosion 
coalings for metal surfaces, weaiherized coatings for foam thermal protection 
systems, and sealants that prevent water from getting into areas where it can collect 
and promote corrosion. 

Propulsion Technology 

NOET's propulsitm technology team is working with other Government agencies 
and industries to develop cleaner versions of current fuels. Along with these 
propulsion-related technologies, this team is also conducting hybrid rocket studies, 
using fvith liquid and solid fuels. 

Technology Transfer 

More miorniaiion about NOET's capabilities is available through MSFC's 
Technolog) T raii'.lcr < )Hicc Rcpresenlahves ln>m this oft'ice can help you determine 
i( NA.S A n technology can he adapted to meet the needs of your organization. 

■ Contacts 

TcchnoUigy Trjn>lcr OHicc 
Mad ('.xieLA:!) 

NASA/MSFC 

Marshall Spavc Might Center. At .'5KI2 
Phone I - Wl ». I S A -NASA i WO-fO?: » 

Additional uilorination ah<iot NASA's Technology Transfer Program and a 
Techmilogy Transfer AgrecnK*n« are available on the World-Wide Web; 

(hllp://iechiran.iii>fc.naNa-goM 

Key Words 

En\ ironinental Protection ^ 

Technology Transfer 
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■ Technology Opportunity 


Rapid Prototyping Laboratory 
at Marshall Space Flight Center 




NASA's Marshal! Space Flight Center (MSFC) in Huntsville. Abbama. is using 
staie-of-the-an equipment to produce prototypes for NASA and private indusir). 
Although many itujor U.S. fums are experimenting with various aspects of raptd 
prototyping. MSK is using its unique capabilities to help small businesses save 
both time and money on their *‘design*to-product’' costs. 



Potential Commercial Uses 

Rapid priuots ping icchiutlogies being developed for the space program have many 
UH"' in the comincaial imluMrv. When a concept is in the ’‘selling" stage, a plastic 
model can he produced to sers c as a visual aid. Wind tunnel models, used to provide 
perttMinaiK'c lesis. can Iv produced at li>uer ci>sls than traditional methods. 

Benefits 

Startup ctKtvoi'a neu imiduci line cun be Jrasiicaily reduced. Cimsequenily. these 
so ing'> to induMry can he pa>sed on to the consumer. For e.sample. a wind tunnel 
model dui tuKc c«»>i S4tMXX) and iixil rmmihs to produce can now he created lor 
S4(Ki «ir k■^^— m |UM a leu \hon weeks. 

The Technology 

.Marshall's Rapid Prototyping Center has four machines designed for creating thnee- 
difiK'iisional pr« hIucis tnun cimipuier-aided drawings. 

■ .A hused IVpi*Miion Modeler is used to make investment master castings. 
particularK wind tunnel models. Wax or plastic material is fed from a spiH>l. 
melted h\ a heated lip. and deposited layer>by-layer to build up a three- 
dimensional imijel. Future research with this device will include high-strength 
pots mers and fihcr-reinforced materials. 



National Aeronauiics ana 
Soace Adminisiraiton 

George C. Marshall Space Plight Center 


PiO S-S3r-2IQ2> 
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■ The Sanders Three-Dimensional Primer produces hifh-detail. hi§h-surface- 
nnisheJ in\esimeni master costings. This machine has two inkjet heads— one 
deposits build muieriul white the <Kher deposits support material for overhangs. 
The current build material is on investment casting resin and the suppon 
material is a soluble wax that is easily dissolved from the finished pan. 

■ A Stereolithography device produces wind tunnel models and other visual 
aids. Building from a compuier-aiifed design file, this machine uses laser 
technology to build pans with phoiocurable resins. Models are created layer- 
by-layer uith the directed laser, then post-cured in an ultraviolet oven. This 
technique is used mainly for concept modeling, but can also be used for 
investment casting. 

■ The Ballistic Panicle Machine rapidly produce.s solid mr)de]s. using an inkjet 
process. Micro-droplets of a low-length wax material are fired from an inkjet 
head onto a surface, building up to a three-dimensional pan. This technique is 
best suited for producing concept models. 

Technology Transfer 

More informaiiitn about MSFC's Rapid I^otyping capabilities is available through 
Marshall's Technology Transfer OfBce. Representatives from this office can help 
you determine hou' this technology can best be used to help your company grow 
and pnisper. 

■ Contacts 

Technology Transfer OlTiee 
Mail Code LA^O 
NA.SA/MSFC 

Marshall Space Flight Center. AL .15812 
Phtine: l-K(K»-l'SA-NASAfK72-*272» 

Additional information about NASA's Technology Transfer Program and a 
Techntilogy Transfer Agreement are available on the World-Wide Web: 

<hltn://techiran.msic.nasa.go\ i 

Key Words 

Rapid Prototyping 
Concept Mtidels 


Investment Casting 
Technology Transfer 
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■ Technology Opportunity 


Composite Materials Manufacturing 
at Marshall Space Flight Center 



NASA-developed technology lo produce stronger, lighter-weight composite 
materials is availaMe to U.S. industries through the Technology Transfer Office at 
Marshall Space Flight Center (MSFC) in Huntsville. Alabama. Although scientists 
and engineers at MSFC are working to develop better composite materials for use 
in the Reusable Launch Vehicle (RLV) program, the resulting technology has many 
other possible applications. 

In MSFC's Productivity Enhancement Complex, automated composite fabrication 
sy.siems can work precisely with many different types of materials, including glass. 
Kevlar, and carbon/graphite fibers. Engineers are involved in solid rocket motor 
case and noule technoiogyi the development of advanced techniques for aerospace 
structures: thick composite structures; forming prototype parts for solid rocket 
boosters, external tank fairings, and space station equipment racks and pressure 
bottles. 



Potential Commercial Uses 


Comp»>Mic tnaicnalv are already being used lo increase the strength of u product 
without increasing the overall weight. Many sporting goods manufacturers arc 
taking aJvaniagc of lighter, stronger, more durable composite materials in the 
pMduction ol vuch iieniN a> tennis rackets, fishing rods. skis, boat hulls, and golf 
club shafts. This icchmilocy can also be applied lo the commercial transponation 
industry. 


Benefits 

.Strenglh Carhon/graphite fibers, combined with resins, create stronger, lighter- 
weight niaierials. 

Durability When weight is not a major concern. Kevlar cun be used in the place 
of carbon/graphiie fibers to produce a durable composite material. 

Economical: in situations where the material's strength and weight are not 
imponant. fiberglass is the most economical composite material to use. 




National Aeronautics and 
Soace Administration 

George C. Marshall Space Flight Center 
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The Technology 

Marshall's engineers use specialized machines and computer-aided drawings to 
produce hish-sirengih. high-durability, low-cost composites. 

The Filament Winding machine lays down ribbons of resin/fiber comoosiie. building 
the material up layer-by-layer until the desired thickness and degree of strength 
have been reached. This four-axis vertical machine can produce both helical and 
polar patterns, with sphencal parts up to two meters in diameter. Pressure vessels 
and similar symmeiricully shaped items can be made with this machine. 

A Pultrusion machine pulls resin through the die to shape it. creating long, 
continuous geometry- lubes. This versatile machine can use carbon/graphite. Ke\ lar. 
or fiberglass, depending on the physical properties required of the finished compr'siie 
item. This machine allows for rapid and economical manufacturing of parts. 

TTe Tape Laying Machine in the Productivity Enhancement Complex has ten axes 
and three sensory systems. This three-dimensional automated tape laying machine 
will lay tape on flat or contoured surfaces with for greater control and precision 
than manual methods. 

Marshall's Fiber Placement Machine is the first of its kind ever built. This machine 
was tvnginally designed by MSFC and Cincinnati Milacron Corporation to make 
inlet duct" l(»r the XF-22 jet fighter prototypes. Resin/fiber tapes can be deposited 
in patterns that can be narrowed or expanded, creating complex, geometrically 
shaped coniptKiie parts. Uses for this very sophisiicaicd. coniputer-conirolled 
robotic system are only beginning to be examined. 

The Tape NN'rapping machine at MSFC was designed to build solid rocket motor 
noz/lcs for the Space Shuttle This machine has been adapted to produce noz/les 
that burn solid propellant/liquid oxidizer (hybrid) fuels and liquid fuels. 

Technology Transfer 

More mlonnaiiim aNnii .MSFC's Composite Material Manufacturing capabilities 
is ax jilahle ilmiugh Mafshair>TechnoU>gy Translcr Office. Representatives Irom 
ihi' office call help you determine hoxx ihix technology can be u.sed tti help your 
company grow and prosper in loday'scompetitue marketplace. 

D Contacts 

Techm»lt>g\ Transler Olfice 
MjiU .kJc 
N AS VMSK 

Maf'h.ill Space Flight C enter. .AL 
Phtmc l-W«»-rSA-N.A.SA(S?:-6272) 

Addimmal intormation abt>ui NASA's Technology Transfer Program and a 
Technology Iranslor Agreement are uxailabic on the World-Wide WeD: 

(huo./heciran msic lUtsa gox i 

Key Words 

Coir.piKiie Materials Technology Transfer 

MaierijN Processing 
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■ Technology Opportunity 

Tribology Tests and Evaluations 
at Marshall Space Flight Center 

■ Tnbology - the study of friction, lubrication, and wear of surfaces in relative motion 

- IS the subject of many tests and evaluations being conducted at NASA's Marshall 
Space Flight Cenier(MSFC) in Huntsville. Alabama. These scientists and engineers 
are searching f(x ways to provide more efTicient. longer-lasting moving parts. NASA 
scientists are working with industry engineers to develop better bearing components 
. for use in high-speed machinery. 

Although Marshall's need to develop staie-of-the-an tribological materials and 
components for NASA's on-going space program is spumng these technological 
advances, there arc also industrial applications for this technology. 



Potential Commercial Uses 

High-speed, high-performance machinery' is plagued by periodic maintenance and 
replacement ol u«im pans Tnbology investigations arc imponant to manufacturers 
uh\i provide aeri»spjcc ciMiiptinenis. air conditioning and refngenuion parts, and 
devices used in pimer plants with high-speed turbines. 

Benefits 

Manv moving pans arc often difficult and expensive to service or replace. 
HreakihoHJghs inthe Held of tribology will result m savings of both lime and money 
lor L'.S. iiHlusiry 

The Technology 

Marshall's tnhologtcal lest capabilities allow engineers to work in a hands-on 
env ironment. siudv ing the fundamental concepts of tribology. MSFC scientists are 
able lo rcct»gni/c. understand, and solve problems with friction, lubrication, and 
wear as thev conduct investigations ranging from the basic four-ball wear tests to 
high-spi'cd cryogenic turbopump bearing tests. 
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Hydrostatic Bearing Tests 

The hydroslalic bearing test ng at MSFC is a fully functional device used to evaluate the 
performance of hydrostatic beanng designs. The current bearing design is for liquid hydrogen, 
nitrogen, or oxygen to be used as the working fluid. Other bearing designs can be developed 
and fitted into the tester for refrigerants and coolants. Thi.s tester, rated for 2000 pounds per 
square inch internal pressure and a speed rating of 80.000 revolutions per minute, can be used 
to evaluate hydrostatic bearing designs that might be used in cryogenic pumps, high-speed 
power turbines. Jet engines, large refrigeration systems, and anywhere else the process Huid 
might be used as the fluid media. 

Bearing and Seal Material Testing 

MSFC's Beanng and Seal Material Tester is a high-performance diesel engine that drives rotor- 
bearing assemblies at speeds above 30.000 revolutions per minute. 

An eight-station Rolling Contact Fatigue Machine is used to lest the fatigue life of newly 
developed bearing materials and hard, ihin-film coalings to identify the fatigue life of the beanng 
material. 

A wide variety of materials, coatings, and lubricants are tested under differing conditions of 
fnciion and wear in Marshall's Falex Muliispecimen Test Machine. 

Lubricants are evaluated in a Shell Four-ball Wear Tester at MSFC to show the performance of 
different materials such as oils, greases, or dry film lubricants. 

To test line contact with pure sliding. MSFC engineers use a Falex Pin and Vee Block Tester lo 
measure the torque neces.sar\' to rotate the pin between two vee blocks. 

MSFC's Traction Rig Tester simulates sliding-to-rolling contact ratio. This testing device is 
used to screen improved cryogenic bearing materials and lubricants. 

A Long-Term Vacuum Lubrication Te\i System allows MSFC scientists and engineers u* lest u 
variety of commercially available luhricanis for machinery that must function unattended lor 
long periods of iimc 

The viscosity of oils and greases is tested in MSFC's Brookfield Viscometers. Rotating cylinder 
viscometers measure the drag uwqucol a cylinder submerged in a sample of lubricant material. 

Contacts 

Technologv Transfer Office 
Mail Ctxie LA2tt 
NASA/MSFC 

Marshall Space Flight Center. AL -''.^KI2 
Phone; l-KOtl-l SA-N.ASA iKb2-6:72i 

Additional infomutum ahtmt NASA's Technokigy Transfer Program and a Technologv Transfer 
Agreement are av ailable on the World-Wide Web: 

thttp;//iechtran. msic.nasa.gov i 

Key Words 

Tribology 

Bearing and Seal Technology 
Technology Transfer 
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■ Technology Opportunity 

Avionics Systems Simulation 
at Marshall Space Right Center 



Marshall Space Flight Center (MSFC) has developed a unique avionics simulation 
capability by integrating several existing MSFC avionics testbeds. The NASA 
Federal Laboratory Review Task Force has declared this simulation system the 
best throughout the world for the aerospace community. The unique capability it* 
unite Marshall's avionics simulation laboiaiories to perform extensive end>to^nd 
avionics system teeing in an environment not previously available makes this a 
“world class" facility. 

MSFC's avionics simulation capability is fully operational and is being used to 
support several advanced initiatives such as the X-33 program, the international 
Space Sution. and the Automatic Rendezvous and Capture program. 



Potential Commerclat Usee 


In addition to the NASA programs supported by MSFC's avionics simulation 
capability, commercial applications include the automotive and trucking iitdusiries. 
flight simulation, space commercialization, and the commercial aircraft industry. 

Benefits 


Commercial imtusiries cim grt>und>tesi their hardware before subjecting it to 
harardous and costly performance tests. For example, the aulomniiv'c industry can 
test suspension hardware, saving lime and money in the process. Right simulation 
ie>i> alkiw for pilot training and testing of hardware. The commercial aircraft 
industry can simulate automatic landing using one of the most advanced global 
positioning system simulation capabilities in the country. 

The Technology 

Recent developments in high speed, high bandwidth Aber^optic networks have 
allowed Marshall to “tie" three avionics laboratories together. These fiber-optic 
capabilities allow MSFC to test an avionics system in a mission environment that 
includes prelaunch operations, launch, orhiiaJ maneuvers, rendezvous, docking/ 
berthing, and landing. 
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Marshall Avionics System Testbed (Launch Vehicie Deveiopment) 

Thrte laboraioriesi make up ihe Mar4»ll Avionics System Testbed, bridging the gap between 
technology development and implementation. 

The Vehicle Simulation Laboratory provides a tool for the demonstration of advanced 
vehicle avionics technologicx such as flight computers, navigation systems, fault tolerant 
components, autonomous guidance, navigation, and control algorithms, automated software 
generation, and verification and validation products. 

The Engine Simulation Laboratory consists of high fidelity real-time simulations of 
rocket engine systems with models of high frequency pumps, combustion devices, propellant 
lines, actuators, valves, and sensors. 

The Actuator Test Laboratory, operated by the MSEC Propulsion Laboratory', is used 
in the design, development, and testing of actuation systems, ranging from small solenoids to 
large thrust vector control actuators. 

Flight Robotics Laboratory (Orbital Operations, Rendevous, and 
Docking) 

The Flight Robotics Laboraio.y (FRL) was developed to provide a single lab in which avionics 
and robotic hardware and software could be tested in a full 6-E>egree of Freedom, closed-loop 
simulation. The facility is centered around a 44-foot by 86-foot precision air bearing floor -the 
largest of its kind. The Air Bearing Spacecraft Simulator, used on the air bearing floor, will hold 
a 400 pound payload and is capable of 6-£>egrce of Freedom motion. Overhead, the Dynamic 
Overhead Target Simulator is capable of holding a 1000 pound payload, with an 8-Degree of 
Freedom motion. A com^niter system allows the overhead payload to act as either a target or the 
rendezvous vehicle 

The FRL also has one of (he most advanced global positioning simulation systems in the country'. 
This device provides navigation data to the simulation vehicles, as if they were separate, moving 
vehicles in Eanh orhii. 

Contact Dynamics Simulation Laboratory (Docking Mechanisms) 

The Contact Dynamics Simulation Laboratory (CDSL) allows engineers to simulate hnu a 
docking or berthing mechanism would behave in Earth orbit under a variety of conditions. 
Simulations in the CDSL reveal the stress a device will experience once in space through the 
use of force and torque data recorded tm the system’s SGI Challenge X/L simulation computer. 

Contacts 

Technology Transler Office 

MailCodeLA^n 

NASA/MSFC 

Marshall Space Flight Center. AL .'.'Kl- 
Phone: l-80()-USA-NASA(Kf.:-6:72i 

Additional information about Avionics Systems Simulations. NASA’s Technology Transfer 
Program, and a Technology Transler Agreement are available on the World-Wide Web: 

lhtip://techtran.mslc na\a.go\ land (hiip-//astnonics.msfc.gov/EB6l/EB6l.html) 

Key Words 

Avionics Systems Simulation 
Robotics/Autonomous Systems 
Technology Transler 
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■ Technology Opportunity 

Measuring Instrumentation Development and Evaluation 
at Marshall Space Flight Center 

The Instrumentutimi Bninch of the Instrumentation und Control Division ut NASA's 
Marshall Space Flight Center (MSFC) in Huntsville. Alabama, has the expertise 
and raciliiics to conduct research, development, evaluation, and selection of 
measuring instrumentation for a variety of applications. Scientists and engineers 
have developed instrumentation for propulsion system components for NASA's 
launch vehicles and for many of the Highi experiments developed under the 
management of MSFC. 

Marshall's InstrumeniatitMi Branch is available for developmental testing to evaluate 
sensors for pressure, temperature, vacuum, humidity, acceleration, vibration, heat 
flux, high'icmperaiure strain, infrared to ultraviolet radiation, displacement, and 
gas analysis. 




Potential Commercial Uses 

In addition i«> the .N.AS.A programs supported hv MSFC's asirionics laKualorv. 
sensor dcvcioptiicni and testing has mans ci>mmercial applications for industries 
that prov ilk* cnvironiticnial monitoring devices, airline und uuiomoiive industries, 
the likkl imlustrics. semiconductor inJusines. and fuel and chemical manufacturers 


Benefits 

( oinnKTci.il indiisincs can hcwfii from the expertise and availahle testing laciiiiies 
at MSIC Bv taking advantage of the availahle resources vviihin Marshall's 
InsioiineniuiHm Branch, manufacturers can better develop staie-of-ihe-urt sensors 
to incasurc the pertonnurK'c and health of a particular device or system, saving 
time and monev tm initial research and development. 


The Technology 

Scientists and cngirKvrs at MSFC use the facilities of the Instrumentation Branch 
ui perlonn research, development, and evaluation of measuring sensors in suppon 
of Marshall s space Bight programs. 
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Optical Plume Anomaly Detection Engine Diagnostic Filtering System 

Specialized research and developmeni equipment ai ManhaJI's Instnimentaiion Branch includes 
the Optical Plume Anomaly Detection system, which is used as a diagnostic tool and health 
monitor of liquid-fueled engines. Because of state-of-the-art technology in anomaly detection 
spectroscopy. Marshall scientists are able to discern trace amounts (parts per billion) of metals 
involved in the Space Shuttle's main engine plume. Once trace amounts are detected, the Optical 
Plume Anomaly Detection - Engine Diagnostic Filtering System extracts valid and useful 
information such as species quantiricaiion using preprocessing algorithms, neural networks, 
and spectroscopic/atomic models. 

The goal of the Optical Plume Artomaly Detector is to provide early warning signals that impl> 
imminent engine failure. The system, consisting of a spectrometer and a multichannel radiometer, 
obtains time-line data in the form of various metal atomic and molecular lines. Detection of 
certain traces indicates engine hardware deterioration. 


In-Fllght Leak Detection: A Hydrogen/Oxygen Leak-Imaging Sensor 

MSFC scientists are working to develop and test an optical system to detect hydrogen or oxygen 
leaks dunng space flight. Due lo size, weight, and availability of sensors, hydrogen and oxygen 
propellant leaks are difTiculi to detect in a space environment. Tracer gas techniques identify 
leaks during the initial checkout phase, but these techniques cannot identify leaks caused by 
cryogenic cool-down of joints. These techniques also cannot function when the spacecraft is 
fueled, on the launch pad. or in Right. 

A confocal leiescopc has been constructed, allowing limited three-dimensional imaging. This 
imaging detector dramatically lowers the background fluorescence, which distorts conventional 
detection methods. A key pan of this confocal telescope concept is that lower probe laser 
iniensiiies (far below the ihreshi>ld for igniting gases) can be used. 

T'his technology ts general in naiuav It can be commercialized for applications such as hydrogen 
facility leak detection. foamMc analysis, and auiomuied surface inspection. 


■ Contacts 

Technology Translcr OlTicc 
Mail Code LA:o 
NA.S.A/MSFC 

Marshall .Space Mighi Cenicr. AI. .^5X12 
Phone: l-KIkl-l’S X.NASA iWO-h:?:* 

Additional inloniiaoon aKnit Avionics Systems Simulations. NASA's Technology Translcr 
Program, and a Techiudogy Translcr Agivcniem arc available on ihe World-\^ide Web: 

thtipV/techtrjn. msfc.njsa.gov i and ihiip;//4MrK)nics.msfc. nasa.gov) 

Key Words 

Astrionies/Measunng instnimeniaiion 

Spectroscopy ^ 

Technology Transfer ' 



■ Technology Opportunity 

Diffractive Optics 

at Marshall Space Flight Center (MSFC) 

Marshall Space Flight Center (MSFC) is the Center of Excellence for Space Opti- 
cal Systems. Because of this, MSFC is NASA's lead center for identifying the 
technologies required to affordably produce the large space telescopes necessary 
for future missions. MSFC takes the lead in the process where NASA, other Gov- 
ernment agencies, industry, and academia identify the technologies of the future, 
guided by the scientifically derived strategic plans. Another of the Center's respon- 
sibilities is to successfully infuse new technology into future missions. 

MSFC and the U.S. Army MICOM Research. Development, and Engineering Center 
of Huntsville. Alabama, have established a co-located, joint micro-fabrication fa- 
cility at the Redstone Arsenal where optical and direct-write electron beam lithog- 
raphy capabilities are in place. The major goal of this partnership effon is to foster 
fabrication research and development in the areas of diffractive optics and inte- 
grated optics. Additionally, the joint-housed facility provides technical support to 
projects in the deveiofHnent and application of advanced micro-optical systems, 
and serves as a focal point for technology transfer between industry. Government 
agencies, and univer\iiy communities. 



Potential Commercial Uses 

Advancements in elecm*-t>piics have applications for improved law enforcement 
capabilities. high-s|>;ed measurement of engine components, non-invasive bltxHl- 
flim rale moniioring. ntm-invasive imaging of internal organs, “over the fence" 
ptilluiion monitoring, and many other uses in a wide variety of industry and 
eommerctal lields. 
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Benefits 

Industry, other Government agencies, and academia have the potential to save a 
great deal of time and money as they take advantage of the expertise and capabili- 
ties at MSFC. The Center provides access to these facilities and equipment in an 
effort to ensure the U.S. stays on the cutting-edge of technology. 

The Technology 

The diffractive optics work being conducted at MSFC is a very promising technol- 
ogy for many space-based missions, iiKluding planetary discovery satellites. This 
technology could offer signiricani size and weight reductions, as well as potential 
increases in ruggedness and performance over standard optical systems. In addi- 
tion. the diffractive t^ics technology enables many new and advanced micro- 
fabrication-based photonics technologies. 

Where planetary discovery satellites are ccmcemed, the area of space science may 
be most enabled by the introduction of diffractive optics. Diffractive optics could 
replace or hybridize conventional optical components to produce achromatic or 
athermalized optical systems. Many new and advanced micro-sensor technolo- 
gies. such as those based on fiber optics, integrated optics, electro-optics, and mi- 
cro-machining are extremely well suited for diffractive optics, anti-reflective coat- 
ings. polarizers, spectrometers, real-time signal processing, optical interconnects, 
telescope aberration correction, and communications. 


■ Contacts 

Technolog) Transfer Office 
Mail Code LA20 
NASA/MSFC 

Marshall Spate Right Center. AL 358 1 2 
Phone. I -SOO-USA-NASA <862-627:) 


Addiiional ini'ormaiion about the Diffractive Optics. NASA's Technology Transfer 
Program, and a Technology Transfer Agreement are available on the World-Wide 
Web: 


hitp://techtran.msfc.nasa.gov 


Key Words 

Diffractive Optics 
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■ Technology Opportunity 

Productivity Enhancement Compiex 
at Marshall Space Flight Center (MSFC) 

The Productivity Enhancement Complex (PEC) is operated by the Materials and 
Processes Laboratory at MSFC. Here. NASA and industry work together to de* 
velop new- rnatehaU. processes, and assembly techniques. 

The PEC is the focal point for cooperative research activities between MSFC and 
its contractors. These pannership efforts provide valuable benefits such as reduc- 
tion of program costs, promotion and exchange of new ideas, and validation of hew 
materials and processes. 

The PEC can evolve along with new technologies. With more than 40 research 
cells, the PEC can accommodate a variety of activities such as creating or modify- 
ing computer programs for industrial robots used in welding processes, manufac- 
turing space-age composite materials, vacuum plasma spray techniques, rapid 
prototyping, and cryc^enic insulation development. 



Potential Commercial Uses 


N.ASA cnoHiragev collaKtruiion cftorls bciween NASA and industiy lo develop 
jdvjnccd nunulaciuring techniques. Manulaciurinp process improv ements can be 
dcMcned and tcMcd using the unique capabilities of the PEC. Industries associated 
wiih the automotive, commercial aifline. medical, and air conditioning and 
relngeratioi) have aircadv taken advantage of the capabilities of the PEC. 



Benefits 


tnhanceinenis m welding, rapid prototyping, insulation, composites, metallic 
toaimgs. and environmentally friendly cleaning techniques will result in savings 
ol both time and money for U.S. industries. Startup costs, design, development, 
and iCNiing can be done faster and cheaper by combining cutting-edge technology 
w ith curreoi mduMry needs. 



National Aeronautics ana 
Space Admimsiraiion 

George C Marshall Space Flight Center 


Puh 5-537-2(l0l 




133 


The Technology 

Robotics are used to produce prectse ntotiort control, while allowing great flexibility of the path 
to be traced. Using commerciaiiy available industrial robots with advanced feedback sensors, 
engineers have the flexibility necessary to support testing of improved processes under a varieiv 
of conditions, simulating how the process might be applied to a manufacturer's facilitv. 
Applications include robotic waterblasling and welding. 

The PEC's welding research cells are used for developing new welding techniques. NASA has 
developed methods for welding new aluminum-Iithium alloys for lightweight tanks, high strength 
steel alloys for rocket motor cases, and high>nickel alloys for liquid fuel rocket engine 
applications. Friction stir welding and plasma arc welding techniques, as well us imaging, 
sensor and control mechanisms have also been develcqwd. 

Composites are generally less prone to corrosion and less sensitive to crack formation than 
metals, and their strengih-to-weigiM ratio is significantly greater than conventional metals. The 
PEC contains precision automated composite fabrication systems that can work with many 
different materials, including glass. Kevlar, and caihon/graphite fibers. Process characterization, 
sensitivity studies, materials perfonnance and weight saving studies. EPA/OSHA-compliance 
investigations, and advanced materials assessments are given high priority 

New coalings have re.suhed from eidtanced performance requirements and national health, safely, 
and environmental interests- In comf^iance with EPA standards, ahematives are being developed 
that may replace anticorrosion coatings for metal surfaces and weatherized coatings. Evaluations 
are made for adhesion characteristics, corrosion-inhibiting capabilities, ca.se of application, 
and durability. 

Insulation research cells are dedicated lo improving performance and reducing the env ironmenlal 
impact of insulating maienal. They are also critical for qualifying both new foam formations 
and neu commercial suppliers of flight maieriaK. Activities include the development ol 
lightweight, enviriinmentally compatible insulating foams and the design and development of 
improved foam application systems. 

■ Contacts 

Technology Transfer Office 
Mail Code LA:(I 
NASA/MSFC 

Marshall Space Flight Center. AL .'5KI2 
Phone : I • 8(K j. I .s A ■ N A.S A l K62-6:7: » 

.Addii««nal inlomiaiion aN»ui ihc Pr«iduciivM\ Enhancement Complex. NASA's Technologv 
Transler Program. jndaTs'chnology Transfer Agreement are available on the World- WiJc Web 


http://techtran.msiv .nasj.gos 

Key Words 
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Mr. Hastert. Thank you. The gentleman from Indiana, Mr. 
Bonder. 

Mr. SOUDER. Dr. Webb, I wanted to followup briefly on your tech- 
nology fund question. 

Mr. Webb. Yes. 

Mr. SouDER. Are you viewing that as a space technology fund? 

Mr. Webb. No. I think it should be a technology fund generally. 
But I, of course, would naturally, if it came to ih say a space one 
first. 

Mr. SoUDER. And how would you see this different, say, from the 
National Science Foundation, which gives grants? 

Mr. Webb. Well, the National Science Foundation does not give 
grants to particular programs over a long period of time. They 
make suggestions and study the programs and give funding when 
required, but not in what I’m talking about. I’m saying that Con- 
gress, when it decides to give funds to a program, should give the 
funds in total. That’s what the Europeans do. That’s what the Jap- 
anese do. Five year program: they get the funding guaranteed for 
5 years. 

Mr. SoUDER. Constitutionally, we don’t have the right to bind the 
next Congress. 

Mr. Webb. I understand. If I may suggest that this be taken off- 
budget. 

Mr. SouDER. Right. That’s why, for example, the National En- 
dowment for the Arts, you can forward fund some grant type pro- 
grams. The problem is that if a given Congress forward funds it, 
it means the whole budget item has to be hit that year, as opposed 
to being calculated over the 5 years. 

Mr. Webb. Unfortunately. 

Mr. SouDER. And that’s also the danger. If it goes into a tech- 
nology fund that isn’t specified for space, it could — political pres- 
sures for high definition television or something could easily over- 
whelm. But it’s an intriguing idea. Would you see this fund having 
any private sector matches? 

Mr. Webb. Yes. I think it would be very important that it have 
private sector matches. And of course, that will have a competitive 
issue involved in it, because we don’t know what — a company will 
not match it if they don’t think that they’re going to get a contract. 
That just makes things very difficult. 

Mr. SoUDER. In addition to contracts, would you have some sort 
of early rights to certain patents or access? 

Mr. Webb. Absolutely. It would have to. I think the Stevenson- 
Wydler Act — ^very nearly passed — and I think it was 1981 — went 
into a lot of this in great detail. And I think it might be useful to 
review that act as a possible model. 

Mr. SoUDER. Could you see that getting into solar energy ques- 
tions, too? 

Mr. Webb. Indeed. I think that everything we’ve heard today in 
Dr. Glaser’s and Dr. Criswell’s proposals are very necessary things. 
And they were reviewed. Dr. Glaser’s was reviewed particularly by 
the National Academy of Sciences, back in 1978. But since then 
we’ve done nothing with it. It is a great tragedy, because what is 
going to happen is the Japanese — in fact. Dr. Glaser would prob- 
ably tell you he’s been spending most of his time in the past 10 
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years in Japan, because they’re the only ones that are saying to 
him, “Come on. Dr. Glaser. Tell us how to do this and we will con- 
trol the electricity throughout the world.” An important thing. 

Mr. SOUDER. That segues into my next question. There’s really 
two parts to this. Dr. Berendzen mentioned this at least in his 
written testimony. The question of what you just said of the Japa- 
nese dominating the energy question. But you alluded to the Chi- 
nese. In the international agreements on peaceful uses of space for 
non-dominance of certain categories. Is China a signatory to any of 
this? 

Mr. Webb. No. The People’s Republic was not, that I know of. 

Mr. SouDER. What about North Korea, Iran or Iraq? 

Mr. Webb. I don’t think so. We have an expert in international 
law right in the audience. Maybe they would know. 

Mr. Berendzen. To the best of my knowledge they are not. 

Mr. SouDER. Because one of the problems here is that 

Mr. Webb. They are not. 

Mr. SoUDER. One of the problems here is that if only nations 
that are friends sign the treaty, it’s not quite as far-reaching as if 
we had those who may, in fact, be competitors. Do you see — could 
you followup. Dr. Glaser, with the Japanese question just a bit, and 
do you see any willingness out of them to do joint efforts if it was 
pursued? Or is some of this just so competitive that certain streams 
are going to be trying to dominate? In fact, that desire to dominate 
may, in fact, advance science. 

Mr. Glaser. Let me just also talk about the Chinese. Because at 
the International Astronautical Federation Congress, which took 
place last year in Beijing, Chinese scientists from the Shanghai 
Space Power Institute gave a plenary lecture which was a laser lec- 
ture, and their conclusion was very simply stated: we want to work 
with others internationally, in making this come about. So I believe 
that it is a possibility for this country to enter into discussions with 
China. Because he did not say that as an individual. 

He was saying this as Chinese policy. As far as the Japanese are 
concerned, my first contact with the Japanese was shortly after the 
oil shock of 1973. They have the greatest incentive as a nation to 
develop solar power satellites or lunar power satellites. I think that 
they have understood it. And if you look at what they have done, 
they have systematically done all the right steps on a small scale: 
very inexpensive. It’s all published. You can get it from them. 
There’s no secrecy about it. Also, it’s organized by meeting. 

They have developed a way of enveloping the industry people. 
This is an industrial project, not a space project. Space is part of 
it. And they have done some exceedingly important experiments. 
I’ll just mention one or two. For example, they’ve flown an airplane 
which was held up by wireless power transmission. That was done 
as part of the international space year effort. They have done a 
rocket experiment which beamed 800 watts from a rocket to a sat- 
ellite. 

At minimal cost, this was done by the Institute of Space and As- 
tronautical Science. Now, we have not even attempted to duplicate 
something like that. Can you imagine what it takes to do that? It’s 
a very challenging thing they’ve done. And by the way, they’re not 
the only ones who have done it. The Russians beamed from Space 
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Station Mir — somehow nobody followed that up — to a Swedish sat- 
ellite. They had wireless power transmission from Mir to a Swedish 
satellite. 

So if I can say that this is an internationally very top grade 
project. And whether it’s at the beginning stages now, that’s where 
we have to be. Because once they decide to do it in orbit, or eventu- 
ally — and I fully agree it will have to be done eventually on the 
Moon — we will be behind the eight ball. Because these other na- 
tions take this very seriously. The conferences — I would invite you 
to attend the next conference in Montreal: SPS 1997, August 23 — 
28. There are all the representatives of these nations that have 
been working on it. And I think the interest for people from Con- 
gress to at least listen to what they are saying. 

Mr. SOUDER. Thank you very much. 

Mr. Hastert. Thank you. Dr. Weldon. 

Dr. Weldon. I thank the chairman. I just want to followup with 
a couple of technical questions to Dr. Glaser and Dr. Criswell. The 
Earth is turning. And if you have a power base on the Moon trans- 
mitting power, do you have the ability to move the antennae on the 
Moon and keep that receiver on Earth always on track, or is that 
the function of the satellites. I’m just a little confused how this 
would all work with everything moving: the Moon orbiting the 
Earth, the Earth spinning underneath it constantly. You said the 
technology is all there? Is that correct? 

Mr. Criswell. Yes. The basic approach with a lunar system, the 
simplest system is you have the bases on the Moon, and they send 
power to a receiver on Earth when the receiver can see the Moon, 
which is half of the day. You could actually only use about 40 per- 
cent of the day. Then you could store excess power. Underground 
storage, hydro — many options. 

That’s an expensive way, even though it is cheaper than the way 
we do power now. The cheapest way, and I think the most elegant 
way is, that you would have in orbit around the Earth relay sat- 
ellites. They would accept power from the Moon and then send out 
multiple beams down to receivers on Earth. These would be in high 
orbits, such as are associated with the Russian communication sat- 
ellites, called high inclination orbits. 

So it’s a dynamic system in which beams will shift back and 
forth from the Moon to a satellite to the receiver where the power 
is needed. 

Mr. Weldon. These are all microwave beams? 

Mr. Criswell. These would be microwave. It’s proposed for the 
industrial microwave band around 2.4 gigahertz, about 10 centi- 
meter long waves. 

Mr. Weldon. Is there any danger associated with those beams 
if they were to hit 

Mr. Criswell. The beams have to be kept at low intensity, so 
they would be safe. The way that these are normally modeled is, 
the beams will have an intensity of about 20 percent of sunlight. 
Now, those would go into industrially zoned areas. You would not 
want to walk around in them. You certainly could for periods of 
time, but that would not be good. Outside of that area, though, it 
would be a much lower intensity than beneath the safety guide- 
lines. 
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Now, I think with the things that have happened since the 
1980’s, that it looks like the receivers on Earth can be much cheap- 
er to build than were looked at in the early 1980’s. What that 
means is, you can bring down the intensity of the beams below the 
levels that are now set or observed by IEEE and other standard or- 
ganizations for continuous exposure of the general population. I 
don’t think that’s necessary to do. You’re talking an industrial op- 
eration. And you would zone it. 

Mr. Glaser. Could I, with your permission, just answer the safe- 
ty question? 

Mr. Weldon. Sure. 

Mr. Glaser. This has been uppermost in the minds of all people 
who have worked on this concept. And there is a lot of domestic 
microwave use, like 300 million ovens. And we have — NASA, for 
example, has taken the sort of standard that, at the maximum — 
one quarter of sunlight — and at the edge of the receiving antennae 
would be about the same as if you stand 4 feet away from a micro- 
wave oven with a door closed. 

We have done experiments on birds flying through the beam. 
This was done for the Environmental Protection Agency. So there’s 
13,000 papers dealing with microwave safety because it is widely 
used in industry and domestic uses. And there is a tremendous 
amount of information on all aspects. And we are committed in this 
kinds of a scheme to use all of the international standards which 
have been developed, which all countries adhere to, or at least, 
that’s what they should do, to make sure that this is the safest en- 
ergy production method. 

Mr. Weldon. Thank the chairman. 

Mr. Hastert. Thank you. I have a couple questions. Eirst of all. 
Dr. Criswell, the average American’s consumption of energy is 
what, about? 

Mr. Criswell. The average for the United States is about 11 
kilowatts of thermal energy per person. 

Mr. Hastert. Of thermal energy. 

Mr. Criswell. Yes. 

Mr. Hastert. So if you measured that in electricity, how much 
electricity would they use on the average? 

Mr. Criswell. It depends on how you apply it. But as a rule of 
thumb, divide by a factor of three. You’d get 3 to 4 kilowatts. 

Mr. Hastert. So, the recommendation that we bring the rest of 
the world up to 2 or 3, you’d be coming close to the American aver- 
age? I’ve been in China, an emerging nation, and they don’t have 
enough electricity to do the things that they need to do as an in- 
dustrial nation. 

Mr. Criswell. That’s right. 

Mr. Hastert. And of course, you get into Third World countries, 
and it’s just not there. The average nuclear plant is perhaps — 2,000 
kilowatt-hours? 

Mr. Criswell. Well, I tend to think of these things in gigowatts. 
Because — a billion watts. 

Mr. Hastert. Gigowatts. 

Mr. Criswell. And a big nuclear installation — a collection of 
plants — will be about a gigowatt. I think the typical plant is half 
a gigowatt. 
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Mr. Hastert. All right. Maybe 500 

Mr. Criswell. 500 megawatt. 

Mr. Hastert. Right. In my State, we have 12 nuclear plants. 
Two of them — in my area, two of them are going to be out of com- 
mission within a year, it looks like. As we start to cycle down 
those, you can actually deliver electricity in these low intensity 
beams? Can you deliver electricity in that type of numbers, quan- 
tity? 

Mr. Criswell. Yes. You could supply the U.S. electric needs by 
using about 5 percent of the land area now associated with the gen- 
eration and transmission of electric power. Including coal mines 
and railroads that are dedicated to it. 

Mr. Hastert. Dams and hydro. 

Mr. Criswell. Now, I had the pleasure, over the last 5 years, to 
work with an economist at the University of Houston, Russell 
Thompson. Unfortunately, he died of cancer in January. One of the 
things I asked him to do was look at the proposition. Suppose the 
United States had stayed on the Moon with a small, permanent 
manned base after we finished Apollo. By 1980, that was the time 
that the studies of the solar power satellite systems were coming 
to a head, it was clear the technology was there to do that, but the 
costs were high. 

And so, using the models that we’ve developed since then, we 
said, what would be the effect on the U.S. economy if we had insti- 
tuted the lunar power program at that point in 1980 and built up 
to about 300 or 400 gigowatts of delivered power by the year 2000, 
and what would it have added — in his models, then, we could take 
the real economy and then we could look at how the economy was 
affected by this change in energy basis where the wholesale cost of 
electricity came out to about 3 cents a kilowatt-hour. 

What we found was that you would have added by the year 2000 
about $60 billion a year in direct economic benefit by this new 
source of energy. You would have had a multiplier of about a factor 
of three. So you would have been adding about four. You would 
have been adding a quarter of a trillion a year to the U.S. economy, 
not counting any add-on for export or sale of technology or export 
of energy. 

Mr. Hastert. I don’t want to get a Buck Rogers-type scenario 
here. But if a country was able to develop this low intensity, high 
energy beam from the Moon and then by satellite, could that be 
used as a danger to other countries? I mean, if you had a hostile 
country that did that, could they use that in a negative way. Dr. 
Glaser? 

Mr. Glaser. I’m delighted to tell you that this has been looked 
at already by NASA and the Department of Energy. Eventually, 
this will have to be under some international legal and regulatory 
framework just as we have communication satellites under inter- 
national legal regulatory framework. I believe that there’s enough 
evidence that would show that if anybody would try and do some- 
thing different, first of all, I believe that eventually, just like in 
Intel South, there will be some international ownership. I believe 
Intel South is owned by 128 countries. 

Eventually, I could visualize it some time in the next century, we 
would actually have an international energy supply system from 
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the Moon or from orbit or whatever the best approach would be. 
I think that this is, perhaps, the best way that we can make sure 
that nobody can misuse the power. 

Mr. Hastert. Well, I know our focus has kind of switched here 
to solar electricity, something that I’ve worked on in my career in 
the legislature and also here. It’s something that we need to find. 
Society demands that we find clean energy. This society and a fu- 
ture society will demand more and more energy. How we get it 
without burning fossil fuel or — how to find new places to store 
spent nuclear high level energy. It’s just an enigma around this 
place, how we get those things done. So it’s interesting. I’m going 
to ask Dr. Berendzen, you’re an educator — ^American University — 
as well as an astronomer. What trigger do you need, because you 
work with young people all the time, to get them excited, involved 
and committed to this type of endeavor for their future? 

Mr. Berendzen. I think they’re ready to go. I think what they 
need is to know that the Nation is ready. It strikes me that during 
the Apollo era, we had a focus. We had a purpose. We had a dream. 
We had a goal. We had a date certain. And then we did it. And 
then we lost it. At the end of Apollo, how curious the history books 
of the future will be written. 

Can you imagine someone writing a history book 500 years from 
now. Back in that time, in the United States, they decided to leave 
the Earth. They went to the Moon. They took those first steps. And 
then they came back again, sort of like a child putting their foot 
in the cold water of the ocean and retreating; they didn’t return. 
Our space program began to lose it’s focus. The Challenger disaster 
hit hard. The flaw in the Hubble certainly hurt. The end of the cold 
war removed the competitiveness that we once had. 

What I urgently plead, if I might summarize much of what I’ve 
heard in the last few hours, is that this committee continue on 
with your series of hearings, that, perhaps, you collaborate with 
some of the other committees and subcommittees that are inter- 
ested in these matters, as well. That there is a need, I believe, for 
a general education, dialog, discussion involving Members of Con- 
gress, NASA and the American public generally. What is needed 
ultimately are long-term plans: realistic, visionary, bold plans. 

I happen to have had the honor of serving on the Exploration Ad- 
visory Task Force to NASA headquarters. We were in place at the 
time that President Bush came to this very building to announce 
that we would return to the Moon, this time to stay, and then go 
on to Mars. We gave a date certain: by the 50th anniversary of 
Apollo. It didn’t come with funding, however. But it gave me an op- 
portunity, at the request of NASA, to come in and go through all 
of their files on everything that had been done about this. 

You know how many studies have been done, how many hearings 
have been held? The report of Dr. Webb. The Sally Ride report. The 
Synthesis report. The files are filled with it. How many of them 
have been implemented? Virtually none at all. The fact is that 
while we take enormous pride in the things around us, much of 
this is history. 

My concern is the history of the future. In my testimony I said 
it’s not a question of if, but it’s a question of when and who. And 
the fact is, our competitors are moving now. And I hope the United 
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States can restate itself with young people as the leader in the 
world. 

Mr. Hastert. Thank you, Doctor. I think that brings us to a fine 
conclusion. I appreciate your contribution today. It certainly has 
sparked our imagination a different way, different from the first 
panel. Certainly, that is the future. We have to start to focus and 
you’ve made a great contribution. 

This concludes our hearing for today. The meeting of the sub- 
committee is adjourned. 

[Whereupon, at 11:40 a.m., the subcommittee was adjourned.] 



DEFINING NASA’S MISSION AND AMERICA’S 
VISION FOR THE FUTURE OF SPACE EXPLO- 
RATION-PART II 


MONDAY, MAY 19, 1997 

House of Representatives, 

Subcommittee on National Security, International 

Affairs, and Criminal Justice, 
Committee on Government Reform and Oversight, 

Washington, DC. 

The subcommittee met, pursuant to notice, at 9:15 a.m., in room 
2154, Rayburn House Office Building, Hon. Dave Weldon presiding. 

Present: Representatives Weldon, Morelia, Davis of Virginia, and 
Turner. 

Staff present: Robert Charles, staff director; lanthe Saylor, clerk; 
Mark Stephenson, minority professional staff member; and Ellen 
Rayner, minority chief clerk. 

Mr. Weldon. Good morning. Due to unforeseen weather and some 
other circumstances, specifically, the death of a friend; Chairman 
Hastert and Vice Chairman Souder are unable to be here. Accord- 
ingly, I will act as the Chair this morning until one of the Members 
arrives. 

This is the second in a series that this subcommittee will conduct 
on the topic of NASA oversight and the future of space exploration. 
The first of these hearings was held last week at the Air and Space 
Museum and was highly educational. 

Our purpose today, is to focus on defining NASA’s and the Na- 
tion’s long-term mission in space. Beyond this day, we begin to ex- 
amine narrower and perhaps more short-term issues. But today we 
are discussing vision, direction, and long-term oversight. 

Since we have two remarkable and historic panels today, I will 
keep this opening brief In my view, there are great untapped op- 
portunities in the development of space, including space-based re- 
sources and well planned, well managed space exploration mis- 
sions. 

Historically, we know that this Nation has derived enormous 
benefits, both direct and indirect, commercial and national security 
related, from seeking and achieving great goals in space. I think 
we also know that there has been noticeable slippage since the 
glory days of Mercury, Gemini, and the Apollo programs. 

Today, we bring before us a range of extraordinary witnesses to 
ask the pivotal questions: Where should America, both NASA and 
we as a Nation, be headed? What are the top competing ideas, and 
how do we get the Federal Government back on track? How do we 
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regain the tight focus that, as a Nation, we once had in the realm 
we call space, and how do we pass on to our children the inspira- 
tion and legacy, mission orientation, and sorts of advances in engi- 
neering and science that Mercury, Gemini, and Apollo made pos- 
sible for us 30 years ago? In short, what should this Nation’s vision 
be, and how do we achieve it? 

Let me just make a final note. In Washington, much of what we 
do and what I do as a Congressman relates to our kids, and the 
future. How do we make the future that we pass on to them as 
bright and promising, as daring and rewarding, as the one that 
was passed on to us. 

So with that, let me say that I am eager to hear the words of 
our two distinguished panels. I would like to add that the ranking 
minority member, Tom Barrett, though very supportive of this 
hearing, was unable to be here this morning. 

Now at this point, if I could, I would like the first panel to rise 
to be sworn in. 

Please stand and raise your right hands. 

[Witnesses sworn.] 

Mr. Weldon. Let the record show that the witnesses responded 
in the affirmative. 

Now I would like to formally welcome our first panel. Scott Car- 
penter is the former Mercury 7 astronaut. It is also worth noting 
that he flew the second American manned orbital mission. He pi- 
loted his Aurora 7 spacecraft through 3 revolutions of the Earth, 
reaching a maximum altitude of 164 miles. He has also written two 
novels. 

Gene Cernan flew on three separate space missions. He was the 
second American to walk in space as the pilot of the Gemini 9, one 
of a crew of three to venture to the Moon on Apollo 10, and, as 
commander of Apollo 1 7, he holds the distinction of being the last 
man to leave his footprints on the surface of the Moon. He is cur- 
rently president and CEO of the Cernan Corp. and the Cernan 
Group, which are space-related technology and marketing con- 
sulting firms. 

Dr. Buzz Aldrin is a man who needs no introduction. All of you 
know that he piloted the lunar module on Apollo 11, the first 
manned mission to the Moon, and he was one of the first men to 
walk on the Moon. You may also know that Buzz was already a 
war hero before he ever became an astronaut, having flown 66 com- 
bat missions in Korea. Buzz is also a scholar, who earned his Ph.D. 
from the Massachusetts Institute of Technology for his scientific 
work on space flight. 

We welcome all of you and look forward to your testimony. Mr. 
Carpenter, if you could proceed now. 

STATEMENTS OF SCOTT CARPENTER, MERCURY 7 ASTRO- 
NAUT; CAPTAIN EUGENE CERNAN, GEMINI 9, APOLLO 10, 

AND APOLLO 17 ASTRONAUT; AND BUZZ ALDRIN, APOLLO 11 

ASTRONAUT 

Mr. Carpenter. Thank you very much, Mr. Chairman, and 
thank you for this opportunity to speak my mind about our space 
program. 
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I believe that if we as a Nation are to properly direct our space 
flight efforts in the next five decades, we should first examine our 
decisions and our triumphs and our failures in space flight during 
the last five decades. In the mid to late forties, we had the bomb, 
we had won the war, and we were king of the mountain, our Na- 
tion was secure, and we were complacent. We did then completely 
overlook the sleeping giant that was the Soviet Union. National se- 
curity was looking at a very real threat, and we played catchup for 
the next 15 to 20 years in science and engineering, aeronautics, 
and space flight. International prestige and national security were 
at a low ebb. 

But the cold war had a surrogate, and that was the constructive 
Soviet and American competition in space flight. It replaced in our 
struggle for world dominance the destructive competition that 
would have been war, and I honestly believe that that fight for pre- 
eminence in space kept us out of war. Also, I honestly believe that 
all of the close calls that world peace had in those years came from 
our own complacency. 

Could that happen again? We have now won the race to the 
Moon. The Soviet Union has crumbled, and we, for the most part, 
are king of the mountain again. But beware complacency. China 
lurks. 

During the early days of the space program, we had two precious 
gifts. One was the vision of Jack Kennedy, which inspired us. The 
other was the genius of von Braun, which enabled us. We don’t 
have them with us today to show us the way, but maybe if we can 
all band together to express our faith in and share our vision of the 
future, we can avoid repetition of past mistakes. 

I could give you, but to no avail, and you have seen probably to 
no avail, endless lists of specific advances in technology and spin- 
offs in science that are expected to accrue to us from continued 
space exploration and habitation. But those specifics are all trees. 
We should be looking at the forest. 

Likewise, we should be looking as best we can at what we might 
expect to come to us from a vigorous space program 50 years from 
now, not 5 years from now. Helpful in this regard might be a look 
at how our present lives have been changed and enriched by the 
birth of space flight 50 years ago. 

If we do that, we see the forest and not the trees, and that forest 
justifies every penny we spend in space. The forest is simply new 
knowledge in every discipline you can name. That is my abiding 
faith. My own private evaluation of where we once were and where 
we are now proves to me the truth underlying my faith. I believe 
any thinking man who looks carefully at the progress of science 
over the ages must share my faith. 

Some look at the past and still ask the question, why? I say to 
them, if you must ask the question, you will never understand the 
answer. Space flight is not without risk. All of us who do it know 
it. But the benefits derived far outweigh the risks involved, and all 
of us who do it know that too. 

Nothing of value is gained without some risk. If we are to keep 
our Nation prosperous and secure and keep the spirit of our people 
alive, then we must take some risks, we must tackle the unknowns 
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with boldness, and rise from the ashes of our failures with new re- 
solve and define and seek our future with vision. 

As stewards of the Nation’s future, I ask you, and in light of the 
last 20 years I may even implore you, for the sake of my grand- 
children and theirs and yours, and indeed for the generation rep- 
resented by a young man who will speak to you soon. Josh 
Ouellette, who wishes to be a space man and who, I remind you, 
will live for 50 years of his active scientific contributions with what 
we decide to do today, I ask you, for all of those, to keep us actively 
involved in space station construction and in vigorous exploration 
of space. 

And as a justification and as a target for now for all we plan to 
do in space, let’s use Mars and all the new truths that lie hidden 
there. 

I thank you again for this opportunity and your attention. 

Mr. Weldon. Thank you, Mr. Carpenter. 

Mr. Weldon. Now Mr. Cernan. Let the record show that Mr. 
Cernan’s dedication to the space program is so strong that he did 
not allow an adverse encounter with a bull yesterday — or was it 
the day before yesterday? I am not sure — to interfere with his deci- 
sion to come out here. 

So we appreciate you being here. 

Captain Cernan. Thank you, Mr. Chairman. 

I think we can call my close encounter with a 2,000-pound long- 
horn bull not necessarily an act of God, probably somewhat induced 
by me. I apologize for appearing with this barroom-brawl-looking 
complexion I have. I find a lot of inquisitive people here who are 
too curious to ask me what happened. But suffice to say, it was a 
close encounter with somewhat of a natural disaster. 

I, too, am very honored to be here. I appreciate the opportunity 
to express my views on something that has become very near and 
dear to me, and that is the future of this country, the slant toward 
my experience of course in space, and what I believe space has con- 
tributed not just to the past but potentially to the future of the 
country that, as Scott says, our children and grandchildren are 
going to grow up into. 

At exactly 12:40 a.m.. Eastern Standard Time on December 14th, 
1972, I left mankind’s final footsteps of Apollo on the surface of the 
Moon. As my partner. Jack Schmitt, and I departed, we echoed the 
words that, “Some day we shall return,” that Apollo 1 7 was not the 
end, but rather it was the beginning, the beginning of a whole new 
era in the history of mankind. And a few days later, when I re- 
turned to Earth from my second journey to the Moon, I boldly and 
confidently predicted that we would be on our way to Mars by the 
turn of the century. 

We had 28 years to prepare for the next giant leap. What I did 
not anticipate, however, was that the beginning of which we spoke 
would be far more than a generation in coming and that the future 
might well be challenged by other than Americans. 

But if Apollo was the beginning, what became of that future? 
Where are the dreams and the visions today? And where is the re- 
solve and the commitment that challenged us to learn to live and 
to work in space and ultimately to venture a quarter of a million 
miles into the endlessness of time and call, if only for a short while. 
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places like Tranquility Base and the Valley of Taurus-Littrow, our 
home. 

Is it still possible for an American President to take as bold a 
step as John F. Kennedy did in 1961 when he answered the world’s 
call to challenge Sputnik and set this country’s sights on the Moon? 
That was the day America dared to become a space-faring Nation. 
Or, has our no-risk, “what is in it for me” culture of the past quar- 
ter of a century taken control of our destiny? 

I happen to believe it is possible, but only when our leaders in 
both government and industry accept the reality that space is not 
now nor ever has been a luxury but a necessary ingredient to our 
position of world leadership and to the economic future well-being 
of each and every American. 

My hopes soared when President Bush announced back on July 
20, 1989, the 20th anniversary of Apollo 11, that we would return 
to the Moon, and this time to stay. Could it be that we once again 
had a President who not only reflected upon the past but under- 
stood the significance and importance of a national commitment to 
the future? President Bush then expanded his spacial exploration 
initiative by setting the year 2019 for a manned mission to Mars. 

I believe it doesn’t really matter what the date is, whether it be 
2012, 2019, 2020, or whatever. What I do believe is of far greater 
significance is that this Nation have an ambitious yet attainable 
goal that reaches out a generation, a generation into the future, a 
goal the entire country, both young and old, government and indus- 
try, can get our arms around, a continuing national goal that tran- 
scends political boundaries, one that is not challenged, one that is 
not changed, one that is not canceled only to be reborn every 4 
years. The infrastructure to support such a goal could well be the 
model for our future industrial and technological evolution. 

But some in Congress at that time had their sights set on stop- 
ping our renewed space effort before it even had a chance to be de- 
bated. The congressional subcommittee that appropriated money 
for NASA somehow saw reasons to delete all funds for President 
Bush’s space exploration initiative. They said that space explo- 
ration could wait until next year, as, unfortunately, it has waited 
for each of the last 25 years. 

But can America wait forever to renew our exploration of space? 
Is Congress right when they postpone the challenge to better un- 
derstand our own planet and this universe in which we live? Let’s 
take a look at what is now at stake. 

Three decades ago, the United States and the Soviet Union were 
the only countries in the world who even dared to dream of going 
to the Moon and together we owned space. Not so any more. In re- 
cent years, Japan has had plans to launch a probe to the Moon, the 
first Earthly object directed there since the early 1970’s, and in 
1989 the Japanese established a scholarly journal to publish ideas 
on how to go to the Moon, live on the Moon, and, most importantly, 
use the Moon for economic benefit. 

In the near future, Japan plans a series of probes aimed at ex- 
ploring lunar resources for their own industrial and economic po- 
tential. Clearly, clearly, many nations, particularly those known for 
long-term investment and economic success, have targeted space as 
a growth industry of the 21st century. In addition to Japan, we 
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have only to look at the European industrial community today and, 
as Scott said earlier, to China as well. 

But why space? What is in it for us? If we take a moment to re- 
flect upon history, upon the accomplishments of more than a quar- 
ter of a century, upon the impact of space on medicine, communica- 
tions, computer technology, as well as those things that are now an 
integral part of our everyday lives, it is then that we must ac- 
knowledge the importance of the foundation of technology from 
which this Nation has flourished. 

This foundation of technology has been nurtured and continued 
to grow for over 100 years, allowing the United States to reach for 
and achieve greatness as a world leader of civilized mankind today. 
This technological base has not only allowed us to gain a technical 
and scientific understanding of the universe in which we live but 
to achieve international stature, political leadership, and economic 
affluence and well-being second to none other anywhere in the 
world. 

Today, the brightest spot in the U.S. balance of trade continues 
to be the aerospace industry. Tens of billions of dollars per year 
pour into this country from our overseas commercial and military 
aircraft sales. This unique situation did not come about by chance 
but, rather, as a result of over 80 years of U.S. investment in re- 
search and development. 

This technological legacy so important to the past is equally im- 
portant to the future, and I believe space can be its cornerstone. 
Today there is even more at risk than there was in 1961. There are 
challenges to our technological leadership on all fronts from all cor- 
ners of the globe by countries once perceived as our own private 
international marketplace. Never were these countries perceived as 
a competitor, much less as our technological equal. 

Now, in this decade of peace, unless we find a vehicle for car- 
rying forward the research and development upon which our eco- 
nomic influence and world leadership depend, the foundation of 
which I speak might well crack and crumble, and I believe that ve- 
hicle is space. 

But true space exploration can have an even greater impact on 
our lives than that of technological progress alone. Education is the 
most far-reaching and crucial problem this Nation faces today. 
Americans everywhere decry our second-rate educational standing 
in the world. The problems are particularly acute in the critical 
science and engineering disciplines. It is bad enough if our young- 
sters don’t know where Europe is, but if they are unable to read 
or write, our situation quickly becomes intolerable. 

It is a well known fact that the U.S. Space Program provided an 
enormous impetus and incentive for technical education during the 
Apollo days of the 1960’s. Our production of scientists and engi- 
neers tracked the increases and, unfortunately, the decreases in 
our space exploration effort. During the 1960’s, we not only pro- 
duced outstanding technical people, but the lure of space attracted 
the best and brightest young minds from overseas as well. 

Now, as we approach the challenge of the 21st century, it is a 
sad commentary that we produce only half as many scientists and 
engineers and over half of those are foreigners who return home to 
enrich their own countries’ economic competitiveness and not ours. 
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But good education requires more than better facilities, commit- 
ted teachers, and modern equipment. It takes inspiration for our 
students to excel, and there is no greater inspiration for our chil- 
dren than the challenge and opportunity to explore the unknown, 
and no greater unknown than the universe in which we live. 

It has now been 25 years, a quarter of a century, since I left 
those final footsteps on the Moon. Today we have a college-age gen- 
eration of young men and young women who were born into this 
world after those last steps were taken, a generation of youth in 
a world today who never knew when man didn’t walk in space or 
called the Moon his home. That, gentleman, is in itself an incred- 
ible thought. 

Perhaps even more startling is the fact that it may well be a gen- 
eration or more before we undertake a journey of such magnitude 
again. 

I would like to reflect for just another moment or two because 
Apollo has been called by many the greatest technological endeavor 
in the history of mankind, and perhaps it may well have been. I 
believe, however, Apollo was much more. I believe it was a human 
endeavor unmatched in modern history. It was an endeavor not of 
a few chosen individuals who had the opportunity to step on the 
surface of the Moon but, rather, a team of thousands of Americans 
who were dedicated and committed to a goal deemed by many un- 
attainable. 

Apollo required this Nation to reach further than man has ever 
reached before. This team of Americans left an indelible mark on 
each of us here today and on all of those to follow in our footsteps 
tomorrow. Apollo encompassed the vision of a President and the ef- 
fort, dedication, courage, self-sacrifice, and steadfast determination 
of an entire Nation of people, just as JFK said it would, a Nation 
of people who overcame the tragedy of the Apollo 1 fire, an event 
that would have deterred a lesser people, and who would just not 
quit during Apollo 13, when we came closer than most of us even 
knew then of condemning three human beings to the endlessness 
of space. 

Apollo 13 was an example of teamwork and commitment un- 
equaled and now recognized as perhaps the finest moment of Apol- 
lo. We earned the right to celebrate our triumphs, and God knows 
we have paid dearly for our mistakes. Yet this team of Americans, 
together with common commitment and purpose, transformed what 
was once but a monumental dream into the reality of a generation. 
Together, they accepted the challenge and made each of those steps 
taken on the Moon possible. 

It was a human endeavor of immense proportions by those who 
dared to dream, by those who dared to reach beyond our grasp, and 
by those who were not deterred by failure. Together, they just did 
not know it could not be done, and therein, I believe, lies the es- 
sence, lies the legacy of Apollo. 

But as we reflect upon the past, it is essential that we look to- 
ward the future as well. Will the time come when we are once 
again a space-faring Nation and truly explore the wonders of the 
universe in which we live? Will we ever again voyage to the stars, 
or will we confine ourselves to circling a few miles above our home 
planet? Will we ever in our lifetime again be able to look back from 
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a quarter of a million miles away at the majestic beauty of our own 
star in heavens, across the entirety of oceans and continents, at the 
Earth revolving on a unseen axis at that earthrise, first seen on 
Apollo 8, which changed the way we look at ourselves forever and 
at those sunrises back here on Earth and sunsets that we found 
just happening? 

Will our children and our grandchildren, born after those final 
steps of Apollo, ever have the opportunity to see our stars as we 
once did and perhaps conclude as well that there must be a creator 
of the universe in which we live? 

Although this Nation appears destined to remain home for the 
foreseeable future, I believe without reservation that some day we 
will once again satisfy our insatiable desire to explore and to dis- 
cover the unknown, a dream of our forefathers thousands and thou- 
sands of years ago. 

The opportunity to know and understand is now within the reach 
of our children, and I submit to you that they will not be denied. 
I find that youngsters, like this young man Joshua, whom you will 
hear from in a moment, no longer look at going to the Moon or on 
to Mars as an impossible dream as we once did but, rather, some- 
thing that they can do simply by deciding to do it once given the 
opportunity. 

The implications on education and the use of space as a motiva- 
tional tool for learning are indeed far-reaching. I know. I have a 
daughter who teaches fourth grade right here in Fairfax County. 

That next giant leap in space not need be solo. The first voyage 
to Mars might well be an international effort involving many coun- 
tries. Still, there is great risk to our economic security if the United 
States does not have a stable and ambitious space program of our 
own. If we back off and say we have done it all, we have gone to 
the Moon, we have developed a space shuttle, and let others 
buildupon our technological competence, we will find ourselves in 
an unacceptable position both politically and economically. We can- 
not afford not to be in a position to influence the course of the next 
giant leap in space and ultimately to determine our own destiny. 

As President Bush reminded us, “History tells us what happens 
to nations that forget how to dream.” 

Gentleman, there is too much at stake to turn back now. We 
must not allow our once proud resolve to turn into indifference, for 
what we as a Nation leave undone today will certainly be done by 
others tomorrow. 

We have challenged the future. Those that follow have only to 
understand the significance of that challenge so as to ultimately 
determine their own destiny. Williams Jennings Bryant perhaps 
put it together and put it all in perspective at the turn of the last 
century when he said, “Destiny is not a matter of chance; rather, 
it is a matter of choice.” 

Thank you. 

Mr. Weldon. Thank you for those eloquent words. I can obviously 
see a shot in the head from a longhorn bull didn’t do you too much 
harm. 

We are very pleased to be joined for this hearing by the distin- 
guished Members from Texas and Virginia. If I could, I would like 
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to recognize Mr. Davis from Virginia and ask him if he has any 
opening comments. 

Mr. Davis. I am honored to he here before such a distinguished 
panel. 

Captain Cernan, I have three kids in the Fairfax County public 
schools. That is my congressional district. It is the home of the 
Buzz Aldrin Elementary School. I was happy to be there with Dr. 
Aldrin when we opened it. I was out there with you and was there 
a couple weeks ago, and they read a note from Dr. Aldrin at that 
time and for Scott Carpenter. 

Captain Cernan. I might add, my daughter was selected the 
Outstanding Teacher in northern Virginia, and, without saying 
more, she truly does utilize space as a launching platform from 
which to teach everything, from poetry and English to math and 
leadership and science. It is a phenomenal experience to watch it 
happen. 

Mr. Davis. Thomas Jefferson High School for Science and Tech- 
nology is one of the premier science schools in the country. I think 
it has had more merit scholars for the last 3 years than any other 
high school in the country. It is by selection basis. 

Which school is she at? 

Captain Cernan. I think it is Greenbriar West. 

Mr. Davis. Greenbriar West is here on the Hill today. We have 
got some people coming from there for the Lunchbox Derby. I was 
going to try to get over to that as well. 

Captain Cernan. She is out with her students now, camping out 
for a week to teach them a few other things. She still motivates 
them through the use, as I say, of the desire to learn of space and 
the unknown. It is just a phenomenal experience to watch it. 

Mr. Davis. You ought to go to Buzz Aldrin Elementary School. 
It is completely science and tech, and they are doing new things 
every time I go there. 

As I say, Mr. Carpenter, I was a kid when you started. It is a 
great honor to be here today to hear you and get a chance to ask 
you questions later. Thank you very much. 

Mr. Weldon. Mr. Turner, do you have an opening statement? 

Mr. Turner. I, too, am honored to be here on this panel before 
you three distinguished gentlemen, and I want you to know that, 
being from Texas, we are still very enthusiastic about the space 
program in Texas. I really think if we can do a little better job 
about defining our goals and establishing our goals in the minds 
of the American people, that we will return to those days of excite- 
ment and enthusiasm about the space program. 

I think we are at a point where it is just much more difficult 
than ever before to clearly define that mission in the minds of the 
American people. But I think the spark of enthusiasm is still there 
waiting to be lit. I appreciate the three of you being here and the 
continuing work you do on the space program which, in my judg- 
ment, is so critical to the history of our country and of the world. 

Thank you. 

Mr. Weldon. Now we will proceed with Dr. Aldrin’s testimony. 

Mr. Aldrin. Thank you, Mr. Chairman, for having me back to 
continue where I left off last week. 
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Today I would like to introduce a statement and then expand on 
some of the concepts I feel are significant to the future of our space 
program. 

This summer, the planet Mars receives the first visitors from 
Earth in over two decades, and the space program will once again 
capture the world’s attention and headlines for a brief few days. 

But let me suggest the time has come to expand our vision and 
begin developing a strategy to best capitalize on the 40-year invest- 
ment we have made in our space endeavors. The time has come to 
focus our efforts and to build a program that brings space benefits 
down to Earth that address and solve the problems of our home 
planet and at the same time expand freedom and commercial op- 
portunity to the far reaches of our solar system. 

I believe that early in the 21st century, men and women will call 
Mars a second home for humanity. But my vision evolved from a 
can-do spirit and resolve, a projection of American prowess, as well 
as foresight to establish a visionary plan that incorporates and 
maximizes reusability in our space program. 

By resuming our investigations of Mars, we are adding new 
brush strokes to picture what will ultimately become our future in 
the cosmos. The picture I now see is of an undeveloped frontier 
that must be opened to human enterprise and settlement. To do so 
means pursuing an evolutionary, step-by-step, building block agen- 
da that leads to a sustained space program that guarantees we tap 
the wealth of our solar neighborhood and, in so doing, transforms 
our space-faring civilization into a multiplanetary civilization. 

It is becoming clear to me as we approach the new millenium 
how to do this best. However, it is also clear that the steps being 
taken by our Government’s space planners do not have this longer- 
range vision in mind. For instance, the Department of Defense is 
pursuing a strategy using all-expendable throwaway rocketry. 
Meanwhile, NASA has set its future on a high-technology solution 
embodied in a single-stage-to-orbit vehicle. While each has merit, 
neither satisfies the need of the private sector for near-term lower 
launch costs to access and exploit the frontier. 

Within a few decades, space can be an open frontier for all peo- 
ple. I see a near-term future where economical two-stage space 
launchers place passengers and cargo into Earth orbit with the effi- 
ciency and routine-like nature of today’s airline traffic. A booming 
tourism industry will be cultivated as space hotels become a point 
of arrival and departure above our planet. This burgeoning busi- 
ness enterprise will bring about heavy-lift rockets, enabling 
grander steps of exploration back to the Moon, to the distant dunes 
of Mars and beyond. 

I envision long-haul transportation systems, deep-space cruisers 
that not only continuously cycle tourists between the Earth and 
Moon but constantly transfer explorers and settlers between Mars 
and the Earth. A fully reusable lunar and interplanetary system is 
the ultimate way of transporting people and cargo across the vast 
vacuum void of space. 

My own personal involvement as an Apollo 11 astronaut on the 
first lunar landing mission taught me an important lesson. Every- 
thing that went with us on Apollo was thrown away, such as all 
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the stages of our giant Saturn 5 booster, save for the return cap- 
sule that brought us safely back to Earth. 

Now, there is nothing wrong with Apollo. Its characteristics were 
born of the time. It was a cold war, one-upsmanship approach to 
out-distance the former Soviet Union. The Moon was the finish 
line. Apollo was founded on the straightforward space-race strat- 
egy, get there in a hurry and don’t waste time developing re- 
usability. 

Today, I can’t conceive of another global race, or cooperative ef- 
fort, for that matter, that would prompt an effort to get to Mars, 
accomplish the goal, and then abandon the program. Yet the mind 
set of toss-away space hardware still dominates our thinking. We 
have gotten used to a throwaway space program perpetuated by a 
low volume of traffic from Earth into space. 

Long ago we tamed the sound barrier. Now we must penetrate 
the reusability and recycling barriers to shape our 21st century 
space endeavors. But how can we rekindle the spirit of Apollo and 
match it with a sustainable evolutionary space program for the 
21st century? I see an action plan for the future — you can call it 
20-20 vision — based on years of training and experience this coun- 
try so graciously invested in me. 

As our next step, lowering the cost of space access with a reus- 
able two-stage-to-orbit launcher is critical. Incorporating a fly back 
reusable first stage, this type of launcher would hurl another rock- 
et-powered vehicle that can reach space with greater economy than 
a purely self-propelled. 

By lowering the expense of attaining Earth orbit, many new in- 
dustries are waiting to develop, one of which will be space tourism. 
Soon, tens of thousands of citizens will have the opportunity to 
travel into space, gaining a sense of participation in opening the 
frontier of space to enterprise, exploration, and eventual settle- 
ment. 

From this step, an add-on to the reusable space program philos- 
ophy is building a bridge between worlds. Through a system of re- 
usable spacecraft that I call cyclers, traffic routes, first between 
Earth and the Moon, then Mars and Earth, should be put in mo- 
tion. Very much like ocean liners, the cycler system would perpet- 
ually glide along predictable pathways, moving people, equipment, 
and other materials to and from the Earth over inner solar system 
mileage. 

A sequential buildup to a full cycling network could be in place 
within two decades of a go-ahead geared to the maturation of lunar 
and Mars activities. The Earth, the Moon, and Mars will form a ce- 
lestial triad of worlds, busy hubs for the ebb and flow of pas- 
sengers, cargo, and commerce traversing the inner solar system. 

My schedule for accomplishing these objectives is practical, 
achievable, and affordable, drawing from decades of space expertise 
already honed by our early exploits, including the space shuttle 
and space station projects. I call for a strong and vibrant space 
tourism business and a return to the Moon by 2010, and then 
reaching Mars before 2020. 

Frankly, I think we can beat that schedule. The common link be- 
tween steps in this timetable is a progressive set of reusable boost- 
ers, reusable access to space, and then reusable interplanetary 
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cyclers. This vision spans two decades of enterprise, exploration, 
and settlement. It should be wisely enunciated by a new U.S. Presi- 
dent in the year 2001. 

By the year 2030, I see people looking back and cherishing the 
moment that a leader of our country committed us to a gradual but 
progressive plan of permanent settlement of space, not just occa- 
sional visits that leave little more than flags and footprints. 

The surface of Mars is equivalent to the land area of Earth. Once 
a human presence on this planet is established, a second home for 
humankind is possible. A growing settlement on Mars is, in es- 
sence, an assurance policy not only for the survival of the human 
race, not only is the survival of the human race then assured, but 
the ability of it to reach from Mars into the research-rich bounty 
of the Martian satellites and nearby astroids is also possible. 

These invaluable resources can be tapped to sustain increasing 
numbers of Martian settlers as well as foster expanded interplan- 
etary commerce and large-scale industrial activities to benefit the 
home planet. Earth. 

Of course, some will insist on building outer-solar-system cyclers 
as humanity continues outbound into the universe at large. 

My 2020 vision is a call for a sustained space program with long- 
range acuity. We can now chart a course that returns us to the 
Moon, then allows humanity to strike out for the new world of our 
future, the planet Mars. 

But our near-term space efforts, both manned and robotic mis- 
sions, must be tailored to support the longer-range purpose of open- 
ing the frontier. Step by step, program by program, we can con- 
struct a future of limitless potential. I must ask you gentleman, if 
not for these bold endeavors, then what is our space program for? 

Please allow me to address four significant points that Congress, 
as a governing oversight body, can do to help guarantee that the 
vision I have described here today can come to fruition for future 
generations. 

First, the highest priority of NASA and congressional oversight 
into NASA’s activities must be to develop lower-cost-to-orbit sys- 
tems. Congress should continue its leadership role in this direction 
by expanding the spectrum of development options beyond single- 
stage-to-orbit systems to include the gamut of reusable launch ve- 
hicle options, including two-stage-to-orbit systems. 

Second, continue to identify and eliminate those stifling regula- 
tions that inhibit the private sector from competing in the commer- 
cial launch vehicle market to facilitate the development of low-cost 
transportation system options. 

Third, focus near-term activity, both in NASA and the private 
sector, by adopting the long-range national goal to expand human 
presence throughout the solar system and to tap the unlimited 
power and resource potential of solar space. 

Finally, charge NASA to study in depth these recommendations 
and the reusable cycling transportation system I have described for 
the economical exploration and development of the Moon and Mars. 

Now, I would like to elaborate on some of these concepts by using 
some visual aids. This viewgraph shows the use of an existing very 
powerful, competent rocket, the Zenit rocket. It is a two-stage rock- 
et that the Boeing Co. is going to use called Sea Launch on floating 
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platforms to hopefully bring back the commercial launch business, 
back from the French, back to the United States. This Zenit rocket 
was part of the Energia heavy lift rocket launch, today the world’s 
most impressive rocket. 

What we propose to do is wrap an airplane around the first 
stage, run it through test programs, horizontal and vertical, mate 
it with itself for suborbital tourism, with upper stages. Two- and 
three-star boosters can be attached to this. This booster could lift 
the X-33 into orbit with several thousand pounds of payload, or, 
with the RLV, if it is ever financed and built, it could double its 
payload. 

However, a better second stage reusable is probably preferred 
based on more ruggedness and perhaps external hydrogen tanks. 
This booster could be used as three replacement boosters for the 
solid rockets on the shuttle or as two replacements, one on each 
side, if the tanks are stretched on it appropriately. It forms the 
basis for a reusable, strap-on, heavy lift rocket system that puts up 
the hotels for tourists for the American people, and with that en- 
thusiasm, we use that booster then to go back to the Moon, and 
second generations of that get us on to Mars. 

I have a timetable for accomplishing these, and I will leave that 
up there for a while. But note that it involves the first tourist in 
Earth orbit that might use a commercial version of the return vehi- 
cle that is being prepared for the space station. That, with an 
upper stage and boosted into orbit by the star booster, would be a 
very competent first tourist opportunity. We are going to need the 
hotels in space. 

Three or four-star boosters could give us the heavy lift. Then we 
could return to the Moon in 2008, phase 1 direct to the south pole 
of the Moon, variable gravity research, leading to expanded lunar 
operations and reusable lunar landers in phase 2 with sort of a 
rendezvous at L-1, the liberation point. It is more like the Apollo 
instead of direct to the surface. 

This eventually grows to lunar cyclers for tourism that are the 
predecessors of the Earth-Mars cycling system that enables us an 
efficient system of getting to Mars, the moons of Mars first. 

What I would like to show you over here is two examples of 
Earth, Moon cycler systems, where we take the figure 8 and then 
we go out on an ellipse several times before we go and encounter 
the Moon again. There is another version of this that goes out past 
the Moon, comes back, swings around the Moon, the front side, and 
then back out again. That is more than a 30-day mission. It is 
probably not too usable as a transportation system for explorers, 
but it is ideal for tourism. 

Looking at Mars, the Sun, the Earth and Mars line up at a date 
here in 2016. The next time they line up is after the Earth gets 
ahead of Mars and goes around once. Mars is over here. When the 
Earth goes around twice. Mars is still ahead of it. The two line up 
again 26 months later. 

The significance of this is that in order to travel from Earth to 
Mars, you should be about halfway between Earth and Mars when 
this opposition time occurs. And if you wanted to leave Mars here 
for this opposition, you leave at this point and reach Earth back 
over here. 
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Now, a schematic of a cycler system that keeps the energy of the 
interplanetary vehicle when it reaches Mars so that it doesn’t have 
to slow down and stop and then use fuel to depart Mars again is 
in this diagram here. When you swing by Mars, we would go at a 
plane from Mars, swing by half a revolution later. One revolution 
later, we convert that velocity back to bring us back toward the 
Earth. 

At the Earth, between the opportune times to go from Earth to 
Mars and Mars to Earth, we have to wait about 18 months. That 
allows us to go out of plane from the Earth’s orbit around the Sun 
for 6 months, 6 months and another 6 months, before we convert 
by gravity assist in swinging back to Mars. 

It is a fascinating system, and in more detail you can see it on 
this inertial plot where we show transfer down here from Earth to 
Mars. We would wait for one revolution at Mars and then return 
back to Earth over here. We would make an orbit and a half of the 
Sun and then go back to Earth. 

It has been a really great challenge for me to take the knowledge 
that I have accrued in my educational system and my experience 
of being an astronaut and to project this into the future to learn 
as much as possible about how to make economical systems, chal- 
lenging systems. 

I think that tourism is within the next 10 to 15 years. It will en- 
able the Moon to be returned to and open up Mars. The space fron- 
tier is ours for the use, for the grasping. The decision is ours, and 
let’s go for it. 

Thank you, Mr. Chairman. 

[Note. — “Ad Astra,” the magazine of the National Space Society, 
May/June 1997, can be found in subcommmittee files.] 

[The prepared statement of Mr. Aldrin follows:] 
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Congressional Hearing 2 


5/18/97 


A VISION OF OUR FUTURE IN SPACE 

By Buzz Aldrin 


Thank you for having me back to continue where I left off last week. 

Today I would like to introduce a brief statement and then expand upon some of 
the concepts 1 feel are significant to the future of our space program. 

This summer, the planet Mars receives its first visitors from Earth 
in over two decades and the space program will once again capture the world's 
attention and headlines for a brief few days. But let me suggest that the time 
has come to expand our vision and begin developing a strategy to best capitalize 
on the 40 year investment we've made in our space endeavors. The time has 
come to focus our efforts and to build a program that brings space benefits down 
to earth, that address and solve the problems of our home planet, and at the 
same time, expand freedom and commercial opportunity to the far reaches of 
our solar system. 

I believe that early in the 21st century, men and women will call Mars a 
second home for humanity. But my vision evolved from a can-do spirit and 
resolve, a projection of American prowess, as well as foresight to establish a 
visionary plan that incorporates and maximizes reusability in our space 
program. 

By resuming our investigations of Mars, we are adding new brush strokes 
to the picture that will ultimately become our future in the Cosmos. The picture 1 
now see is of an undeveloped frontier that must be opened to human enterprise 
and settlement. To do so means pursuing an evolutionary, step-by-step, building 
block agenda that leads to a sustained space program that guarantees we tap 
the wealth potential of our solar neighborhood and in so doing, transform our 
spacefaring civilization into a multi-planetary civilization. It is becoming clear 
to me, as we approach the new millennia, how to do this best. 

However, it is also clear that the steps being taken by our government s 
space planners do not have this longer range vision in mind. For instance, the 
Dept, of Defense is pursuing a strategy using all expendable, throw-away 
rocketry. Meanwhile, NASA has set its future on a high-technology solution 
embodied in a single-stage-to-orbit vehicle. While each has merit, neither 
satisfy the need of the private sector for near-term lower launch costs to access 
and exploit the frontier. 


1 



166 


Congressional Hearing 2 


5/18/97 


Within a few decades, space can be an open frontier for ^ people. I see a 
near-term future where economical, two-stag e space launchers place 
passengers and cargo into Earth orbit with the efficiency and routine-like nature 
of today's airline traffic. A booming tourism industry will be cultivated as space 
hotels become a point-of-arrival and departure above our planet. This 
burgeoning business enterprise will bring about heavy-lift rockets enabling 
grander steps of exploration, back to the Moon, to the distant dunes of Mars, 
and beyond. 

I envision long-haul transportation systems, deep space cruisers that 
not only continuously cycle tourists between the Earth and Moon, but constantly 
transfer explorers and settlers between Mars and the Earth. A fully reusable 
lunar and interplanetary system is the ultimate way of transporting people and 
cargo across the vast vacuum void of space. 

My own personal involvement as an Apollo 11 astronaut on the first 
lunar landing mission taught me an important lesson. Everything that went 
with us on Apollo was thrown away — such as all the stages of our giant 
Saturn V booster - save for the return capsule that brought us safely back to 
Earth. There was nothing wrong with Apollo. Its characteristics were bom of 
the time. It was a Cold War, oneupsmanship approach to out distance the 
former Soviet Union. The Moon was the finish line. Apollo was founded on a 
straightforward, "space race" strategy: "Get there in a hurry and don't waste 
time developing reusability." 

Today, 1 cannot conceive of another global race, or cooperative effort for 
that matter, that would prompt an effort to get to Mars, accomplish the goal, 
then abandon the program. Yet the mind-set of toss-away space hardware still 
dominates our thinking. We have gotten used to a throw-away space program, 
perpetuated by a low volume of tr^fic from Earth into space. Long ago, we 
tamed the sound barrier. Now we must penetrate the reusability and recycling 
barriers to shape our 21st century space endeavors. 

But how can we rekindle the spirit of Apollo, and match it with a 
sustainable, evolutionary space program for the 21st century? 

I see an action plan for the future - call it 2020 vision based on years of 
training and experience this country so graciously invested in me. 

As our next step, lowering the cost of space access with a reusable two- 
stage-to-orbit launcher is critical. Incorporating a "flyback" reusable first stage, 
this type of launcher would hurl another rocket-powered vehicle that can reach 
space with greater economy than if purely self-propelled. By dropping the 
expense of attaining Earth orbit, many new industries are waiting to develop, 
one of which will be space tourism. Soon, tens of thousands of citizens will have 
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the opportunity to travel into space, gairung a sense of "participation" in 
opening the frontier of space to enterprise, exploration and eventual settlement. 

From this step, an add-on to the reusable space program philosophy 
is building a "bridge between worlds." Through a system of reusable spacecraft 
that I call "Cyclers", traffic routes — first between Earth and the Moon, then 
Mars and Earth - should be put in motion. Very much like ocean liners, the 
Cycler system would perpetually glide cdong predictable pathways, moving 
people, equipment, and other materials to and from the Earth over inner-Solar 
System mileage. 

A sequential buildup of a Full Cycling Network could be in place 
within two decades of a go-ahead, geared to the maturation of lunar and 
Mars activities. The Earth, the Moon, and Mars will form a celestial triad of 
worlds - busy hubs for the ebb and flow of passengers, cargo and commerce 
traversing the inner-Solar System. 

My schedule for accomplishing these objectives is practical, achievable and 
affordable, drawing from decades of space expertise already honed by our early 
exploits, including the Space Shuttle and Space Station projects. 

I call for a strong and vibrant space tourism business and a return to 
the Moon by 2010, then reaching Mars by 2020. Frankly, I think we can beat this 
schedule. The common link between steps in this time table is a progressive set 
of reusable boosters, reusable access to space, then reusable interplanetary 
Cyclers. 

This vision spans two decades of enterprise, exploration and 
settlement. It should be wisely enunciated by a new U.S. President in the year 
2001. By the year 2030, 1 see the same people looking back and cherishing the 
moment that a leader of our country committed us to a gradual, but progressive 
plan of permanent settlement of space, not just occasional visits that leave little 
more than flags and footprints. 

The surface area of Mars is equivalent to the land area of Earth. Once a 
human presence on this planet is established, a second home for humankind is 
possible. A growing settlement on Mars is, in essence, an "assurance" policy. 

Not only is the survival of the human race then assured, but the ability to reach 
from Mars into the resource-rich bounty of the Martian Satellites and the 
nearby asteroids is also possible. These invaluable resources can be tapped to 
sustain increasing numbers of Martian settlers, as well as foster expanded 
interplanetary commerce and large-scede industrial activities to benefit the 
home planet- Earth. Of course, some will insist on building outer-Solar System 
Cyclers as humanity continues outbound into the Universe at large. 
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My 2020 vision is a call for a sustained space program with long-range 
acuity. We can now chart a course that returns us to the Moon, then allows 
humanity to strike out for the New World of our future - the planet Mars. But 
our near-term space efforts, both manned and robotic nussions, must be tailored 
to support the longer-range purpose of opening the frontier. Step by step, 
program by program, we can construct a future of limitless potential. 1 must ask 
you gentlemen, if not for these bold endeavors, then what is our space program 
for? 

Please allow me to address four significant points that Congress, as a 
governing oversight body, can do to help guarantee the vision 1 have described 
here today can come to Litton for future generations. 

• First, the highest priority of NASA and Congressional oversight into 
NASA's activities must be to develop lower cost to orbit systems. Congress 
should continue its leadership role in this direction by expanding the 
spectrum of development options beyond single-stage-to-orbit systems, to 
include the gamut of Reusable Launch Vehicle options including two- 
stage-to-orbit systems. 

• Second, continue to identify and eliminate those stifling regulations that 
inhibit the private sector from competing in the commercial launch vehicle 
market to facilitate the development of low cost space transportation 
system options. 

• Third, focus near-term activity both in NASA and the private sector by 
adopting the long range national goal to expand human presence 
throughout the solar system and tap the unlimited power and resource 
potential of solar space. 

• And finally, charge NASA to study in depth these recommendations and 
the reusable cycling transportation system I have described for economical 
exploration and development of the moon and Mars. 

Now, if 1 may elaborate on some of the key concepts I feel are significant to the 
near-term health of our space program... 
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Key Milestones of Human Exploration 
and Development of Space 


YEAR 

MILESTONE 

KEY ELEMENTS 

2003 

• First Stage RLV 

Star Booster 

04 

• First Sub Orbital Tourism 

Skygrazer 

06 

• First Tourists to Earth Orbit 

• Mars Sample Return 

Star Booster/ ACRV, X-38 

Kistler, Others... 

07 

•Tourport Earth Orbiting Hotel 

3-4 Star Booster Heavy Lifter 

08 

• Retum-to-Moon: Phase 1 

Direct to Lunar South Pole 

• Establish Outpost 

• Lunar fuel production 

Dry Workshop concept 

Crew Transfer Vehicle lander 
(Derived from ACRV) 

09 

• Variable Gravity Research/ 
Engineering 

• Lunar Tourism Cycler 
Demonstration 

“Hotel” becomes central hub 
of three components connected 
by cables that rotate producing 
artiilcial gravity 

10 

• Significant Lunar Base 

Power Capability 

• LI Orbital Facility/Port 

• Increased Orbital Tourism 

Surface Nuclear Power 

09 Lunar Tour Cycler Demo 
facility moved to LI 

Star Bird- New second stage 
Orbiter replacement 

11 

• Lunar Base: Phase n 

Reusable Lunar Lander 

13 

• Lunar Tours- 
Regular Cycler Flybys 

1 week to 1 month cisiunar 
tours 

14 

• Phobos Surface Habitat 
Emplacement (Moon - Mars) 

Super Star Booster Heavy Lifter 

15 

• Mars Cycler 1- Earth Orbit/ 

Cisiunar Test 

Build upon VG research/ 
engineering & LI Moonport 

16 

17 

18 

• Mars Cycler 1 Departs or Mars 

• Phobos Landing & Exploration 

• Mars Cycler 11- Earth orbit 
and Cisiunar Test 

• Mars First Surface Landing 

• Begin Exploration & 

Settlement Activities 

Dress rehearsal for Mars landing 
Hab & Fuel units detach from 
Cycler and land on Mars 

Optional partial crew stayover 
to return every other 
opportunity 
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Mr. Weldon. Thank you, Dr. Aldrin, for that fascinating presen- 
tation. 

Before we move on to the question and answer period, I would 
like to recognize a member of the committee, the distinguished lady 
from Maryland, Mrs. Morelia, for an opening statement. 

Mrs. Morella. Thank you, Mr. Chairman. 

I am really not going to make an opening statement, hut I did 
want you to know that I am on the Science Committee, which has 
space under its jurisdiction also, and I showed up this morning at 
the Air and Space Museum. Since you all weren’t there, I did a 
tour of it. So it really prepared me for the hearing this morning. 
I appreciate you being here. 

It is interesting, because this is cleanup time, isn’t it, the spring 
cleaning happening on Mir and Atlantis, and this is something you 
all know full well, so I think it is pretty significant that at this 
time when we continue with the partnership with the Russians on 
the space station that we also have our shuttle that is changing 
things around and somebody who will be up there also for 4 
months on Mir. A lot of exciting things are happening. 

But I would agree with what I understand that you have said in 
terms of the fact that we need something that is long-range. We 
need to also excite our young people. I had the opportunity just last 
week to help to rededicate a school in Montgomery County, MD, 
called the S. Christa McAuliffe School. Her mother was there. And 
their whole theme is reach for the stars, touch the future. 

I think that is also part of the theme that you have been gener- 
ating in terms of motivating young people, in terms of space explo- 
ration, all of the scientific endeavors that go along with it, the lead- 
ership, taking risks, long-term policy, the spin-offs. As a woman, I 
can see plenty of medical spin-offs that help, for instance, with 
breast cancer and a number of the other diseases where it would 
be helpful. 

Mr. Carpenter, you were my neighbor once upon a time in Be- 
thesda, ME), so it is good to see you again and also to kind of cele- 
brate your achievements. 

Dr. Aldrin, I read your testimony from last week where you ap- 
peared, and I mentioned some of your themes at that time which 
were like education, faith, and commitment; pretty much that was 
it; and I thought your explanation of it was also very good. 

So I look forward to the line of questioning. I thank the chairman 
for the opportunity to thank you for being here and what you rep- 
resent. I hope the whole world can see what you have done and 
what you see as our vision and mission for the future. 

Thank you. 

Mr. Weldon. I would like to begin the question and answer pe- 
riod, recognizing the gentleman from Virginia, Mr. Davis. 

Mr. Davis. Let me ask — I guess our next panel will get into this 
in some more detail — do we presently have the life support systems 
that would be required to send somebody to Mars? If not, do you 
think this is easily achievable? I will start, Mr. Carpenter, with 
you, if you know, or Captain Cernan. Do any of you have a feel for 
that? 

Mr. Aldrin. That is what the space station is for. The space sta- 
tion is to prove out the scientific needs that we have for continued 
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use of space, and life science is one of the major ones, and long- 
duration space flight on the space station, longer than the shuttle 
itself can stay up. That is why the Russian experience is so valu- 
able to us, that they have been able to stay up for 6 months at a 
time and several of them for over a year. The life support systems 
that they have developed are going to be very useful for us to learn 
from and then develop our own systems. 

Mr. Davis. I guess you would say, in summary, we may not be 
there but we are on our way, we are getting good data and need 
to expand on that. 

Captain Cernan. Can I give you a historical analogy? When JFK 
challenged this country to send a man to the Moon back in 1961, 
he did so within 3 weeks after Alan Shepherd flew, the first Amer- 
ican in space. Alan flew for 16 minutes and had not yet even 
achieved orbit, and JFK said we are going to go to the Moon. 

We didn’t have boosters, we didn’t have environmental control 
systems, we had never gotten out of a spacecraft, we had not even 
been in orbit, we didn’t have anything it took, but it was a chal- 
lenge. It was the fact that he challenged people to do something, 
as I said earlier, that most people thought couldn’t be done, that 
evolutionized that technology necessary to get us to the Moon; com- 
puter technology. 

When I think about where we ended up in Apollo and where we 
started when JFK said we are going, none of that existed. So, I 
don’t look at that as a problem; I think it is a commitment. 

If we decide we are going to go to Mars, if we put together a 
long-term national commitment that looks at a generation in the 
future, the infrastructure resulting from that equipment that is 
going to evolve from it, there is going to be a whole industrial base. 

As I said earlier, to me, although there may be other reasons be- 
cause of the location of the Moon, Mars, and so forth, as to what 
year we could, that is less important than the fact that we commit 
ourselves to go at some point in the future. And if we want to de- 
tour on the way and go to Mars, if we want to detour and continue 
with the space station, if there are other things, if we find helium 
3 on the Moon that is mineable, if we want to do other things, we 
have the option to do that if the infrastructure is in place. The 
technological requirements to get there, I think, are going to be 
fallouts of the commitments itself. 

Mr. Carpenter. I think it is also important to recognize that 
when Kennedy said we should go to the Moon, we didn’t have the 
technology; we built it. But if someone were to tell us now we 
should go to Mars, we have the technology and we are in a much 
better position to do that than we were in 1961 to go to the Moon. 

Mr. Davis. It looks like many of the benefits that we would get 
from such an expedition, the planning and the moving ahead on 
this, we can just begin to understand some of the benefits that we 
would get as a population for people who don’t go there, but we 
have seen a lot of technological innovation as a result of the whole 
space program. 

I wonder if we could just think 50 years ahead of what this could 
mean to the average person who may not get to Mars but some of 
the benefits that could possibly occur. Does anybody want to specu- 
late on what that might be? You have been very visionary today. 
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Captain Cernan. We can talk about the technology from the 
Apollo. We can talk about the timing of Apollo. It came in the tur- 
bulent sixties, when we were involved in a very unpopular war, 
campus crime, civil strife. It gave this country something to hold 
our head high about. We were being blown out of the water by 
Sputnik and by everything the Soviets were doing at that point in 
time. Those are all benefits from Apollo. 

But I think, personally, we may not know for another 50 or 100 
years the true significance of having first left this planet during 
Apollo and called, as I said earlier, even for a short time, valleys 
on the Moon our home. I think it is going to take that long to look 
back. 

I am not sure that it wasn’t 100 or more years before the people 
on this continent and around the world looked back at the signifi- 
cance of what Columbus did back in 1492. Certainly they didn’t 
know 25 years later the importance of his commitment. I don’t 
know that we yet know the importance of what we have done. I 
don’t know that we yet know the challenge that JFK gave us and 
whether he was a dreamer, visionary, or just politically astute. 
Maybe he was all three. I would like to ask him, if I could, today. 

Mr. Davis. Dr. Aldrin, do you want to add anything? You have 
been very good about talking about how possible this can be, laying 
out a plan for Mars, which I think is great. But we get asked the 
question, given competing priorities, what does this mean? And so 
maybe we have no idea what it means. 

Mr. Aldrin. Let’s look briefly at maybe what was the value of 
going to the Moon. In the last 27 years, one thing has stood out 
that, as I meet people, they want me to know where they were 
when we were on the Moon, and they remember vividly that par- 
ticular day. 

And they are almost obsessed to come up and tell me where they 
were. And I am trying to understand what that means, and what 
it means is that there was value added to a human’s life on that 
day, and I multiply that by the millions of people that experienced 
that, and I think we are getting closing to understanding the value 
of human society challenging itself and carrying out a commitment 
successfully. 

It’s not the value of the rocks that were brought back or the 
great poetic statements that we all uttered. Those things aren’t re- 
membered. It’s that people witnessed that event. And we are not 
going to justify going to Mars by what we bring back. Whether 
there was life or was not life shouldn’t be a determining factor 
whether we go to Mars. We are going to make a commitment and 
carry that out. 

And what is that commitment going to do to this world today 
that is so focused on the immediate payoff, what’s in it for me right 
now. Everything around us, fed by the communication industry, fo- 
cuses on fixing today, today, and it doesn’t focus on where are we 
going to be in the next 20, 50 years. We need something that draws 
away from today, and internationally supporting a striving settle- 
ment on Mars and all the benefits that is going to bring back here 
on Earth, and the feel-good attitude that people are going to have, 
that’s going to be the value of going to Mars. 

Mr. Davis. Thank you very much. 
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Mr. Weldon. The gentleman from Texas, Mr. Turner. 

Mr. Turner. It is exciting just to listen to you speak. I guess as 
I listen to you lay out your vision, Dr. Aldrin, it seems to me that 
one of the biggest challenges we face is trying to figure out a way 
to get that common commitment, and I would be interested in any 
of your suggestions. 

It seems to me that space exploration is much more complex, 
with many more options than there were back in the 1960’s, and 
perhaps it is a little bit more difficult to frame the goal, the mis- 
sion that we need to be pursuing. Obviously, it takes leadership 
from the top, and I think that your suggestion that you hope that 
a President, after the turn of the century, would be leading and 
enunciating the mission, is important. 

But it seems to me, and I am certainly not one who is enamored 
with blue ribbon commissions, but it seems to me that there has 
to be a collection of the scientific, the commercial community gath- 
ered around a table somewhere with a charge delivered by a Presi- 
dent or a Congress to say, lay out for us what you think the mis- 
sion ought to te, what the objective ought to be, what the pathway 
is that we should follow, and to do it in a way that the net result 
has credibility with the American people, with the Congress, and 
that we could use that to put this issue at a high enough profile 
level that people would begin to understand that this is where we 
need to go, this is where we should go, and we could once again 
begin to be excited about the fact that we are exploring the outer 
limits of the universe. 

Am I off track here? Have you all done this? Have you seen this 
happen? Has it not given us the momentum we need, or would it 
be helpful to urge the President and Congress to say we need to 
gather around a table, a blue ribbon group, to define the mission, 
to reach an agreement? 

For example. Dr. Aldrin, as I heard you make a presentation, I 
wondered if Captain Cernan and Mr. Carpenter agreed with you, 
would this be the mission they would lay out, as you have laid it 
out in so much detail? Is there a need for some consensus building 
here and some need to elevate the profile of what that consensus 
is? 

Mr. Aldrin. Each year as we approach New Year’s Eve, people 
make resolutions. We are coming up on millennia. I think we 
should consider resolutions for the next century: Where would we 
like this Nation to be as we move through the next century. 

I think as you look at the dates, even going from 1999 to 2000 
is a big change. I think we could use the year 2000 as a national 
discussion time period along with the political discussions that are 
going to be going on the same year, and look at the alternatives, 
look at what our resolutions maybe ought to be and bring in the 
public. 

I think that space, the people want to journey into space; they 
want to share that participation. Just ask them. I go around and 
they want to know when they can get into space. And it is do-able. 
The tourism industry worldwide is a multibillion-dollar industry. 
Let’s just unleash that into space, and not just for the affluent, but 
wisely worked out lottery principles. You can form a corporation 
and issue shares and distribute the dividends by random selection 
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for thousands of space-related prizes, including a ride into orbit. 
And that could develop the rocket and the spacecraft systems need- 
ed to go to the Moon. Not the other way around. We are not going 
to make a commitment to go to the Moon and then use those vehi- 
cles for tourism; it should be the other way. 

Mr. Turner. Do you view, Captain Cernan, the future of the 
space program the same as Dr. Aldrin or do you have different 
views? 

Captain Cernan. Well, we have different views along the way, 
and Buzz is certainly an expert on techniques and approaches and 
boosters, and I am more of a dreamer, a philosopher. 

I think you have to have the desire to want to go, to do some- 
thing that hasn’t been done, something unique. Probably a lot of 
people in this room and up there with you are not going to like this 
comment. I am not sure I do, either. In the space program that we 
are involved in today, I call it space exploitation. The shuttle, per- 
haps one of the most sophisticated flying machines ever built and 
flown, the space station because of its international nature is going 
to be significantly important to the future. The space program 
today is not exciting to people. It’s not exciting to kids. We have 
been to the Moon 25 years ago; we went to another planet. You 
have got to define what it is to voyage or journey in space. 

I’ve been in orbit on Gemini, it’s spectacular, my first flight. Do 
I want to go back to orbit, no. I have been to the Moon twice. If 
I am going to go somewhere, I am going to go to Mars. That’s me. 
Perhaps that is selfish. But until Apollo 13 came around and ex- 
posed people who were around to remember, and young children, 
to what space journey was really all about, there was little or no 
excitement about it. 

Now when you talk to kids — their window was opened. Why don’t 
we go back? Why didn’t we continue on? When are we going to go 
to Mars? When you talk to young kids today, and that’s really the 
grass-root support, they are not satisfied to just go around in cir- 
cles anymore. 

What we are doing today is significantly important, economically 
and otherwise, in the exploitation of space. But we are exploiting 
space through the shuttle and space station at the 100 percent cost 
of exploring space. We ceased to explore space when I left the sur- 
face of the Moon and we haven’t explored space in 25 years, at 
least under my definition. That’s what excites kids. Star Trek, 
Spaceship Enterprise. The concept is if it’s a space station, it ought 
to go through a black hole. I don’t want to get too far out, but that’s 
what gets kids’ imagination. That’s what gets them to ask ques- 
tions and want to know more. 

Perhaps I didn’t refer to it, and I know most of you are interested 
in education, perhaps one of the greatest and most untapped re- 
sources of Apollo itself was the stimulus to education. The motiva- 
tion that you can see resulting in the hearts and minds of young 
kids who want to talk about the Moon, what is it like on the Moon. 

So, I think we have two different space programs. One is a pro- 
gram we are involved in now, shuttle, station; and the other one 
is the space program of exploration which we only talk about, 
which doesn’t exist today. 
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One of the unique differences about Mercury, Buzz and I both 
flew in Gemini and Apollo, each of those flights were inter- 
dependent on the other. The three programs were a program. With- 
out Mercury, there wouldn’t have been Gemini. Without Gemini, 
there wouldn’t have been Apollo. Without any one flight in those 
programs, the next flight wouldn’t have existed. If I hadn’t gone to 
the Moon on Apollo 10, Apollo 11 would have been a totally dif- 
ferent story. 

Today our program, it’s the nature of the program, not nec- 
essarily a criticism, it’s the nature of the program, every flight 
today with the exception of those that will be put together to as- 
semble the station is an individual event. You can cancel it, 
change, slip it, move it around, refly it, and the doesn’t affect the 
follow-on flight to any extent. So we are in the mode of exploiting 
space. 

We have a highly sophisticated research vehicle in a shuttle, and 
what I think we are doing now is correct. I think we are headed 
down the right path. I think we need to develop that international 
space station. I think it’s ultimately important, scientifically, tech- 
nologically and perhaps more importantly from an international 
point of view. But again I say we are doing it at the 100 percent 
total cost of ignoring exploration. 

Mr. Carpenter. Mr. Turner, I think the answer to your original 
question is difficult to come to because the most important problem 
we have is arriving at a consensus in forming the answer to your 
question. That’s the most, the difficult and most important. 

Mr. Aldrin. There was a wonderful study done by a wonderful 
person who led NASA when we first landed on the Moon, Tom 
Payne. It was called the National Commission on the Space. I 
think if you look at all the studies done before and after, that will 
stand out. 

So as we approach this millennia change, I would encourage peo- 
ple to dust off that pioneering, the space frontier study that was 
done. The timing was atrocious. It was just about to be submitted 
when the Challenger accident occurred. 

Captain Cernan. Buzz hit it a moment ago, what’s in it for me 
now, what am I going to get back, why should I go to Mars, what 
am I going to get out of it, what’s in it for me. It’s a lack of our 
futuristic instincts to look into the future. What’s in it for our kids? 
I am not sure I can tell you that, and we seem unwilling — I hate 
to be one of those guys that says you should have been here last 
week, the fishing was great, but if you look at how Mercury, Gem- 
ini and Apollo evolved, we took risks, we think we managed our 
risk pretty well, that I am not sure we have the gumption to take 
today. 

If JFK stood on the steps of Congress here today and said we are 
going to go to the Moon, I don’t believe we could get there in a dec- 
ade. I don’t believe our mentality would allow us to do what we did 
a generation ago. I think that is one the major problems. We just 
seem to be unwilling to commit without a guarantee, and there are 
no guarantees in this life. For you or for me or for space or for any- 
body. And that’s a culture that has slowly evolved over the last 25 
years, at least having raised a few kids in this generation who ad- 
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mittedly could tell me the same things, it’s something I have ob- 
served. 

Mr. Turner. Thank you. 

Mr. Weldon. I would like to recognize the distinguished lady from 
Maryland, Mrs. Morelia. 

Mrs. Morella. Thank you. 

I note that President Clinton used that concept of we want to go 
on the Moon, we want to find a vaccine for AIDS. It has become 
legendary because it shows the can-do spirit of America. 

I think it is a shame that you say that practically we may not 
be able to achieve it going to the Moon or now going to Mars, and 
I wanted to point out a few things. For instance, when we are legis- 
lating and coming up with appropriations, as well as authoriza- 
tions, we always have trouble with space and the space station for 
the very reason that you mention. Captain Cernan, it is what are 
we going to get from it; are we going to be able to have a reliable 
partnership or are the Russians going to back out because they 
don’t have the money and we are going to be stuck handling it; 
what are the benefits going to be. 

I am interested in the papers you have submitted. The whole 
concept of space tourism, the fact that you envision within 20 or 
50 years, and we better do it in 20 because I don’t think I will be 
here in 50, that we could have colonies on the Moon or Mars, and 
we could have shuttles going back and forth, I wonder if you might 
elaborate on that a bit. 

I do, as a backdrop, remember a number of years ago I was one 
of the people that submitted a bill against Mylar billboards in 
space. Do you remember that? You could be up there in space and 
you see this big billboard “Drink Coke” or “Buy Nike Shoes” or 
whatever, and there was a company that actually had considered 
doing that and we introduced legislation. That may have been one 
of the deterrents for something like that. But how do you see this 
space tourism? Also, something, I hate to use that word with you, 
with the three of you, that is affordable. 

I will address each one of you, if you want to make any com- 
ments on that. Do you really think we will be able to afford to do 
it and would it be a practical kind of thing to do, as well as vision- 
ary? 

Mr. Carpenter. I think it’s a definite possibility and something 
we should pursue, but after the fact. I am more interested in the 
search for new truths, and if space tourism falls out of that search, 
that is fine, but that in my mind is not the end of the project. It 
is an artifact. 

Mrs. Morella. You are interested in, what did you say? 
Space 

Mr. Carpenter. I am dedicated to learning how to fly to Mars 
and return safely, and much will fall out from that, from the con- 
duct of that exploration. 

Mrs. Morella. Many, many other benefits, obviously true. 
Thank you. Captain Cernan. 

Captain Cernan. I have a comment on two things. I also heard 
about President Clinton’s commitment to find a prevention for 
AIDS in the next 10 years and I think it’s an admirable commit- 
ment. Whether it be AIDS or heart disease or cancer, we would like 
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to find preventions and cures for all of those things. But the facts 
of life are finding cures for those things does not excite people, 
young and old, like watching the Star Trek movie, like finding a 
potential of life on Mars in a piece of meteorite or like going to the 
Moon like we did on Apollo. So I think it’s difficult to compare 
JFK’s commitment of going to the Moon in a decade in terms of the 
response it got from people, even the disbelief, compared to solving 
some of the ills that need to he solved in this world. There’s a lot 
of them and they are admirable. 

I am out there talking to kids. I know what gets them excited 
and gets them involved. People young and old, they ask what does 
it look like, what did it feel like, were you scared. We get this all 
the time. And you don’t get the same kind of questions if you talk 
about finding a cure for AIDS. I am sorry, it just doesn’t 

Mrs. Morella. I think you mentioned it just to show the can- 
do spirit. We did it for that because we had a mission. And I must 
say, as someone who has been on that space commitment for many 
years, I really think after that we lost that real mission, the sense 
of working together. 

Captain Cernan. Absolutely. Let me be a dreamer for about an- 
other 30 seconds and go beyond what Buzz said. I don’t care what 
motivates us to Mars, I don’t care — if we saw a little green man 
sticking his head up several years ago when we sent Viking to 
Mars, we would be there by now. I don’t care why we go. If it’s 
tourism, that’s fine. Science has never been a motivator. It always 
runs piggyback. It was not the reason we went to the Moon; it will 
run piggyback when we go to Mars. So whatever it is, if it is tour- 
ism, which seems relatively exciting to me. Buzz, I don’t care what 
it is. 

But my dreaming mentality, and none of us will be around in 
100 or 200, some day — I am second generation American. I can re- 
member my grandparents talking about coming over to the new 
world from the old country. I can remember them talking about al- 
ways wanting to go back to the old world, to Europe, to their birth- 
place. At some point in time. Mars and Earth are going to have 
that relationship. In 100 or 200 or 300 years, those who follow us 
will come back to Earth to see where their ancestors came from, 
and there will be space transportation and there will be tourists 
who go to Mars and come back to Earth. And it’s an easy prediction 
because, no one is ever going to call me on it, but I believe in the 
next couple hundred years you are going to see that kind of rela- 
tionship. 

Mr. Aldrin. Let me take us back a few years, like the mid- 
1920’s, people were traveling across the Atlantic in a ship, until 
someone said, maybe if we had a prize, people would compete, be 
motivated to compete for that prize. Charles Lindbergh won that 
against a number of other competitors. 

We are trying to do the same thing today with an X prize for 
suborbital flight. But that exercise of Charles Lindbergh arriving 
in Paris, electrifying the world, opened up transatlantic air travel 
and brought about the need to do that better and faster and jet 
travel and now let’s people take vacations doing that. 

The reason that we want to do tourism is to reduce the cost of 
access to space by having volume traffic. We want to develop the 
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kinds of spacecraft and rockets that are going to get to space and 
then produce lots of them. And people aren’t getting any smaller. 
Satellites are getting smaller and smaller but people aren’t, and 
people want to get into space. If it is $100,000, thousands of people 
want to do it. Should we turn our backs on them? Well, there is 
probably going to be a little bit of government money in that rocket 
and spacecraft system. Let’s open it up to the people. 

I can’t understand why people invest in the lottery but they do, 
and they get excited about it. They put up a little bit of their sav- 
ings in hopes of a windfall, and that’s exciting and it opens the 
door. 

You are going to hear from a wonderful gentleman in the next 
panel and I think he will excite you about privatizing, unleashing 
the private sector into the space frontier, and tourism is going to 
be what opens it up. 

Mrs. Morella. Thank you, gentlemen. Thank you, Mr. Chair- 
man. 

Mr. Weldon. Captain Cernan, you were the last man to leave 
footprints on the Moon, I understand. Do you have any special feel- 
ings about the significance of that that you want to share with us? 

Captain Cernan. I get asked a lot, how do you feel, how do you 
feel about being the last man to have walked on the Moon, how do 
you feel about having left the final footprints from Apollo. And, of 
course, just to have had the opportunity, it’s very unique and I am 
very proud to have done that. But there is always going to have 
been one human being who was the first to step on the surface of 
the Moon, and we all know who that is. But there is going to be 
many, many last human beings to walk on the surface of the Moon. 
I just have held that distinction for far longer than I ever thought 
I would. And I can say on top of everything else, it’s somewhat dis- 
appointing that I can sit here today, this December will be 25 
years, and I still carry the distinction with pride but with dis- 
appointment at having been the last man to step on the surface of 
the Moon. Certainly at least through the end of this century. 

Mr. Carpenter. May I add that we are all proud to know Gene 
Cernan, the last man to walk on the Moon, but we would be even 
prouder to meet the next man on the Moon, and soon. 

Mr. Aldrin. Let me make an observation. If we are discussing 
a commitment of whether we are going to go to Mars and not com- 
mit to settlement, to increasing settlements, let’s not even bother 
going. You can’t go there once, twice, three times and then say I 
am going to call this off, we have done that. It has got to be a com- 
mitment to a growing expansion outward and settlement, and if 
the Congress isn’t willing to do that, then we will get the American 
people to maybe get us a new Congress. 

Captain Cernan. Dismissed. 

Mr. Weldon. Let me move on to another line of questioning. I 
represent the area of Florida called the Space Coast, Brevard 
County. I know all three of you, gentlemen, are familiar with that 
area. You may not have lived there but you have blasted off from 
there. Every time a shuttle goes off, I say a little prayer knowing 
that the area was very badly devastated by the loss of the Chal- 
lenger and grounding the shuttle fleet for 2 years and the economic 
impacts that had. 
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One of the things that I have gotten into discussions with some 
of the leadership within NASA and on the Space Subcommittee and 
the Science Committee is what would happen to our manned space 
flight program if that were to happen again. Do we have the will 
and resolve to hang in there and continue in manned space flight? 
Now, I don’t think it will happen again. I think we have gotten the 
bugs out of the system and we will continue to fly the shuttle safe- 
ly, but can we continue to have a manned space flight program in 
the setting of another disaster like another Apollo 1 setback? We 
got through Apollo 1, we got through the Challenger, but do we 
have the national resolve to move on ahead and continue our 
manned space flight program? 

Mr. Carpenter. Well, that deals I think with what was said ear- 
lier. We are in this business and we are in it because we know that 
the benefits are worth the risk. The answer to your question is to 
be found in whether you and the rest of the Nation are aware of 
that simple fact as well. 

Captain Cernan. Apollo 1 was every bit as devastating, maybe 
not in total loss of life, but to the potential of the space program 
as Challenger. We hadn’t even gotten an Apollo spacecraft off the 
ground and there was a fire. Three human beings lost their lives 
on the pad. We were in a race with the Russians, JFK’s challeng:e 
to get there by the end of the decade. We recovered from that acci- 
dent. We recovered. The accident occurred in January 1967 and we 
recovered and were airborne on that first Apollo flight in October 
1968. And within 7 months Buzz walked on the Moon. 

Apollo 13 occurred in March. The following January — Apollo 13, 
truly, truly — I was backup commander on Apollo 14. \ was working 
very close on that flight to bring these guys back. We truly came 
closer than we knew then to losing those guys in space. 

We sent three more men and four more flights into the same 
realm of outer space to complete, to finish the job that we called 
Apollo. We recovered in, what, 8 months, 9 months. 

The Challenger accident was devastating and of course the whole 
world saw it, that made it even worse. And we lost seven people. 
But there isn’t a person on that flight that got into that spacecraft 
that didn’t volunteer, that didn’t know the risk. I was close to that 
one, too, because I was on the selection committee to pick those 
school teachers. It took somewhere between 2% and 3 years to re- 
cover from the Challenger accident, and I think we have not yet to- 
tally recovered from that accident today. 

Quite simply, the answer to your question is as devastating as 
Apollo 1 was because there were people at that time that said quit, 
we don’t need to go to the Moon, as devastating as it was, I think 
if we had another accident today, our entire Nation’s space pro- 
gram, again because of something that is lacking, maybe it is com- 
mitment, maybe it is willingness to take a risk, whatever it is, 
would probably come to a screeching halt for some indefinite time 
in the future, and it would have to probably, probably gear up 
again and start all over again a decade or two down the line. I hon- 
estly believe that that could be the result of another accident like 
Challenger. 

Mr. Weldon. Dr. Aldrin, do you have anything you wanted to add 
to that? 
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Mr. Aldrin. We probably had with the Saturn 5, first and second 
stage: a two stage, fully reusable launch system. Instead of doing 
that, we started with a clean sheet of paper and defined a two- 
stage airplane, an arbiter and a booster, and we put a cockpit in 
the booster that was not needed. We overpriced the system, had to 
redesign it, and then the funds were cut back and that resulted in 
what Werner Van Braun said we should never do and that is 
launch human beings on solid rocket boosters. 

After the Challenger, we decided to improve the solid rocket 
booster. If that booster is so good, why isn’t it being used on some- 
thing else? Why isn’t it being used to replace a Titan? 

A solid rocket blew up on the Delta recently. There are problems. 
We may not have a next generation that we are reaching for be- 
cause we may be reaching too far with a single stage. We may have 
to live with the shuttle for a long time. I am really worried that 
we don’t have the resiliency in our system. We don’t have a backup 
to the laboratory, we don’t have a backup to the HAB module on 
the space station. We had a problem designing the node and now 
the nodes are being built in Italy. Why is that? That is not the way 
our space program was back in the 1960’s and 1970’s. There is not 
much resilience in what we are doing. We need more volume; we 
need a bigger fleet. Tourism will bring you that bigger fleet, and 
the people aren’t going to fly on solid rocket boosters. 

Mr. Weldon. Thank you. I would like to see if we have desire for 
a second round of questions. 

Mr. Davis. Let me just ask a couple. I don’t know if my questions 
are any good but the answers are outstanding. 

I think sometimes we try to design an inexpensive space program 
up here with so many competing activities it doesn’t get — because 
you can’t realize the immediate benefit, as you put it. 

People, Members sometimes, and the public like things quantifi- 
able, and I think. Dr. Aldrin, you put it very well when you talked 
about society challenging itself and succeeding and how we need 
that. Some of the most important things in life are unquantifiable. 
The commitment we can get from NASA would do. America needs 
that right now. 

The program right now has in some way turned into a foreign 
aid program, the way it is constructed. So I think what you are 
saying — I would also add whatever you end up doing, when we de- 
fine a mission and go after it again, we are not going to come up 
with a dry hole from a scientific point of view. The inventions that 
come out of this that have applications every day are significant 
and they are helping us treat diseases, they have made the com- 
puter, you know, everybody can own a hand-held computer and cal- 
culator, and these things would not have been possible without the 
space program. So it is very inspiring to hear what you are saying. 
I think we need to involve the private sector more and I think we 
will hear more in the next panel about ways of doing that, and also 
on the Space Subcommittee, which I am a member of. 

I just wanted to know if you would like to amplify on that, and 
recognizing that all endeavors that government is involved with, 
we are finding that government alone can’t do it; we can reply on 
the market system to produce things more efficiently and better 
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and whereas government by itself, not by intention, just ends up 
being a very inefficient vehicle. 

Any comments on that or thoughts? 

Captain Cernan. I think the programs that interact in terms of 
privatization, if that’s what you are referring to, I don’t think 
there’s any question. I don’t think there’s any stopping it. I think 
it’s going to continue to happen, but, you know, the government 
has always been the high-risk element of research and develop- 
ment. There is no — the entire aerospace put together could not 
have afforded the risk of going to the Moon on Apollo. It has to be 
the government, so the government has to take the lead and be out 
front and be willing to be the tip of the arrow, but bring in the pri- 
vate sector wherever and whenever possible. And I think you are 
going to see more commercial value come out of space. 

NASA, over the last several years has done a terrible job of de- 
veloping a people awareness. People talk about the money and you 
fighting for bits and pieces of money here. First of all, it is ludi- 
crous that something as objective as exploring space should com- 
pete with HUD and VA, that is ludicrous, but that’s in your ball- 
park, not mine. 

But you talk about billions and billions of dollars, and the aver- 
age person on the street doesn’t have the vaguest idea of what $1 
million is much less $1 billion or $10 billion. But if you start telling 
them about the space program, but why does it have to cost so 
much? How much does it? If you tell them the space program costs 
1 penny out of each tax dollar, people can’t believe that. My God, 
I have more fun watching it on television, it costs me 1 penny out 
of every Federal tax dollar to send you guys to the Moon? Yeah, 
and it cost 1 penny out of each to watch the space shuttle going 
on. They can identify with reality like that. 

We have done a terrible job, we NASA. We are as much at fault 
as anybody. Nobody can understand and relate to the technology 
and all that fancy, wonderful stuff that’s important and we get ben- 
efits from, but they can relate to things they can identify with, and 
how we spend their dollars is something they are very, very appro- 
priately concerned with. We need to develop a broader, grass-roots 
space awareness program, quite frankly, and maybe that’s NASA’s 
responsibility. 

Mr. Davis. It is interesting you say that. Then you tell them al- 
most 20 cents of every dollar is going to pay interest on the na- 
tional debt, they get really mad. 

But Dr. Aldrin, you wrote a Ph.D. thesis back in the 1950’s about 
what might have then been a wild idea of spacecraft rendez- 
vousing and going round and round. It is very intriguing what you 
talk about, sending people to Mars and who knows where that will 
lead. I think it is timely since we are not having a mission to Mars 
now with robots and sending them up and it’s a good time to rekin- 
dle this debate and discussion. 

Mr. Aldrin. I think we should not be afraid to learn the lessons 
of the past. We had within the Saturn 5 rocket the next generation 
shuttle system, but we didn’t do that. We started all over again 
with the clean sheet of paper and have the aerospace companies re- 
compete to see who wins this time. We have got a space station 
that is going to go up and it’s going to take about 50 launches, in- 
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eluding the supply flights in 5 years. We launched a space station 
with the Saturn called Sky Lab. It took one launch. If we launch 
another space station in the future, it better not take more than 
three launches or it’s not going to survive. 

You have seen the trouble we have had justifying this type of a 
space station that is assembled by the capacity of the space shuttle. 
We need bigger capacity to put up hotels. Call them what you 
want, but people are going to go there. This is the NASA budget. 
I think everybody has to understand 

Mr. Davis. What’s left of it. 

Mr. Aldrin. That that’s what is happening today. 

Mr. Davis. Thank you very much. 

Mr. Weldon. Mrs. Morelia, do you have any other questions? 

Mrs. Morella. No, thank you. 

Mr. Weldon. I guess the only other question I would like to ask 
the panel, we have talked a little bit about how times were dif- 
ferent in the 1960’s. We had the Russian challenge, one of the 
issues that I think plays a role in this lack of willingness or com- 
mitment perhaps or a level of commitment perhaps today is just 
the basic economic problems we are having here in Washington, 
DC, and I don’t know if any of you would care to comment on that 
issue, but we do have a $5 trillion debt, we are making headway 
to balancing the budget, and it is projected that the deficit for fiscal 
year 1997 will be at about a 15 or 18 year low, getting down to per- 
haps less than $100 billion. 

I believe at the time when you were enrolled in the Astronaut 
Corps, the national debt was a fraction of what it is today and the 
range of about a tenth. I believe that the expenditures on entitle- 
ments were in the range of about 10 percent of Federal expendi- 
tures or 15 percent of Federal expenditures. 

Do you see any correlation between getting our economics in 
order and having the willingness to explore, to make the invest- 
ments necessary to explore? Is this a factor in your vision or do you 
feel that this is just a lack of will that is not related to the basic 
economic problems our Nation faces? 

Mr. Carpenter. I think it’s a lack of will and it might be also 
a lack of clearly defined and clearly appreciated acceptable goal. 

Captain Cernan. You gentlemen, ladies and gentlemen, and par- 
don me, Mrs. Morella, I tend to use the word “mankind” very ge- 
nerically so I don’t mean to exclude, but I have been called on a 
couple of times, and you might have caught me today, but I do use 
it generically. You ladies and gentlemen are practitioners. We can 
sit here and dream and philosophize, but we still have to pay for 
it. 

I go back to what I said about space awareness, what the real 
costs are. But, you know, I think back in the Apollo days, we prob- 
ably had, the deficit may have been lower and so forth, but I think 
basically we still had the same problems. We had people saying, 
why do you want to waste all that money going to the Moon, we 
have all these poor people here to be fed and there is always — 
money didn’t get us to the Moon and money is not going to find 
a cure for AIDS and cancer and money is not going to solve pov- 
erty. People are going to solve it. Ideas, commitments, obviously 
with this practical use of money. 
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The money that was spent was and has being spent in space 
comes back to us tenfold, even to the extent that we don’t appre- 
ciate it. When you look at the technology and the industries that 
have grown and the computers, if you could take any one of those 
dollars spent in 1960 to send us to the Moon and could possibly 
have tracked to this date 25 years later, the phenomenal return on 
that dollar investment would probably blow all of our minds. I 
don’t know what it would be, but I do know the investment is mini- 
mal. As I say, 1 penny out of each tax dollar comes back at least 
tenfold. 

And I go back to people’s awareness and interest and excitement. 
I think if people really understood how little, not how much, how 
little it costs to continue building and growing this foundation of 
technology and the return from that investment that people, that 
we all take for granted today, in our hospitals, in our schools, class- 
rooms and our homes and our factories, if we really understood all 
that, you would get so much grass-root support you ladies and gen- 
tlemen up here in Congress could not afford not to put a program 
together to further that effort, to take us to Mars, quite frankly. 

We just, the average person on the street has got so many other 
problems. They have got to send their kid to college, the grandchild 
just skinned their knee or whatever it is, their job is a little inse- 
cure, and so those are the things that are important to them. But 
if you could bring what the space program does for them down to, 
quote, their level of understanding, economically, I think you would 
see a grass-roots support that could not be stopped. 

Mr. Weldon. Thank you. 

Well, I want to really thank all three of you for coming and being 
here today. If I could quote or paraphrase Mr. Davis, I am not sure 
our questions were great, but your answers were wonderful, and I 
want to thank you very much for your testimony. I know that we 
are looking and searching for a new direction and a new level of 
commitment, and your coming here and being here is really a tre- 
mendous help to us. 

I would like to now dismiss you and invite our second panel to 
come forward. 

Mr. Weldon. If you would all please rise, we need to swear you 
in. 

[Witnesses sworn.] 

Mr. Weldon. Let the record show that the witnesses responded 
in the affirmative. 

Now I would like to formally welcome our second panel. Our first 
witness to my left is Mr. Joshua Ouellette. He is a 15-year-old stu- 
dent at the Academy of Science and Technology in the Woodlands, 
TX. He is studying superconductivity and has already sold an in- 
vention to a manufacturing company. It is also worth noting that 
he aspires to be an astronaut. 

The next witness is Dr. Robert Zubrin. He is president of Pioneer 
Astronautics, an aerospace research and development company. He 
is the inventor of several unique concepts for space propulsion and 
exploration, the author of over 90 published technical and nontech- 
nical papers in the field, and was a member of Lockheed Martin 
scenario development team charged with developing broad new 
strategies for space exploration. He is also the author of the book. 
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“The Case for Mars: How We Shall Settle the Red Planet and Why 
We Must.” 

The next witness is Mr. Tom Rogers, an expert in Near-Term 
Commercial Space Transportation Opportunities and Technologies 
and a familiar witness to the Space Subcommittee on Science. 

Next, we have Dr. Seth Potter. He is a scientist, visionary in 
solar energy from space and professor of Applied Physics at New 
York University. And Dr. John Lewis is a scientist, author, and ex- 
pert in astrology, astrogeology and the study of off-earth resources. 

We thank you all for being here today, and we would like to 
begin with Joshua. Please try to summarize your comments to keep 
them to the 5 -minute time limit. Thank you. 

STATEMENTS OF JOSHUA OUELLETTE, STUDENT, ACADEMY 

OF SCIENCE AND TECHNOLOGY; SETH POTTER, PROFESSOR 

OF APPLIED PHYSICS, NEW YORK UNIVERSITY; BOB ZUBRIN, 

PRESIDENT, PIONEER ASTONAUTICS; TOM ROGERS, NEAR- 

TERM COMMERCIAL SPACE TRANSPORT OPPORTUNITIES; 

AND JOHN LEWIS, ASTROGEOLOGIST 

Mr. Ouellette. Good morning, Mr. Chairman, committee mem- 
bers, and distinguished scientists and astronauts. My name is 
Joshua Ouellette. I have been asked to speak today as a represent- 
ative of all the young people in this country who are aspiring to 
one day participate in the American space program. 

First, my thanks go to Mr. Robert Charles, Mr. Mobly, Mrs. 
Christover, Mr. Scott Carpenter for their work in allowing me to 
speak to the subcommittee on the work I feel so passionately about. 

At present, I am attending the Academy of Science and Tech- 
nology in Oakridge High School, in Conroe, TX, where I am en- 
rolled as a ninth grader. The Academy is a magnet school for those 
students who show particular interest and ability in math, science 
and technology. 

I am also currently a cadet in the TX-951 Air Force Junior 
ROTC Cadet Corps at Oakridge High School. I currently hold the 
rank of cadet staff sergeant with the positions of Information Man- 
agement NCOIC and Kitty Hawk Air Society War Eagle chapter 
president. The KJS is usually described as the ROTC version of the 
National Honor Society. 

I am also a life scout of the Boy Scouts of America, Troop 1772, 
with the position of assistant senior patrol leader. 

I have been asked to speak mainly on my own thoughts of the 
past, present, and future of our Nation’s space program. Hence my 
statement is far more opinion than fact, such as those that will be 
covered by the other people testifying here today. 

My views of space are deeply rooted in every fiber of my con- 
sciousness. When I was only 4 years old, my parents had to make 
a deliberate effort to keep me away from the television set so I 
wouldn’t be upset by the Challenger explosion. Even at that early 
age, such events affected me on the deepest levels. 

My interest in space exploration has been inspired by both space 
history and science fiction. The first steps as to traveling between 
the stars have been taken through Earth’s immediate neighbor- 
hood. Those travels have produced beautiful images from the Mer- 
cury, Gemini, and Apollo missions, clear up to the shuttle missions 
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and Hubble telescope. The incredible pictures have inspired a de- 
sire within me to see these magnificent sights with my own eyes, 
the lunar sky with the Earth looming in the background, the great 
nebulas of swirling and glowing gas, and the Milky Way looking 
solid white befitting its name. 

The goals I have set for myself are exceptionally high, indeed, 
aiming for the stars. It would be the highlight of my existence to 
be remembered as one of the first to step foot on Mars. Even riding 
the space shuttle of one of its future counterparts would be fan- 
tastic. If I apply myself at school and in Scouts and ROTC, I hope 
to increase the odds of making these dreams come true. 

However, my chances of reaching these goals are in no way com- 
pletely under my control. An individual working by themselves can- 
not make it into space. It requires a nation backing that individual. 
Space exploration is probably the greatest investment of all-time, 
and at present there is only one nation that can make that invest- 
ment, the United States of America. If our Nation can put a colony 
on Mars, a base on the Moon, or even a space station in orbit, the 
benefits would be great. In time, not only on scientific values but 
also the economic values would present themselves. There may be 
a limited amount of raw materials on Earth, but the supplies of 
space are nearly infinite and have never been tapped. 

Many people feel the reason we have not walked on the Moon in 
decades nor gone to Mars is best explained by the reason we ever 
built the space program in the first place: Our Nation responded 
to a perceived threat from the Soviet Union. It wasn’t just the fear 
that made us make the effort to land on the Moon, but it was that 
something suddenly appeared for the entire Nation to rally behind. 
No nation has ever accomplished any great feat without rallying 
behind a cause nor have ununified nations ever lasted for any great 
span of time. 

Right now our Nation has no great rallying call such as Presi- 
dent Kennedy’s call to place a man on the Moon or even the revolu- 
tionary call for freedom that built our Nation. The result is a loss 
of national camaraderie and unity. “Ask not what your country can 
do for you but what you can do for your country” is in danger of 
regressing. In other words, we have become a slightly un-unified 
society. The solution may lie in the space program and the solution 
to the space program’s dilemmas may likewise lie here. We must 
all rally behind something, and the space program needs someone 
to rally behind it. This is obviously easier said than done. 

From here the next step would be to continue on the present 
path, developing the technologies necessary to move our space pro- 
gram along with the completion of the X-33 new generation space 
shuttle. The sooner this is done, the better. This major accomplish- 
ment will be of interest to the Nation. 

The completion of the international space station could also 
spark this interest. A series of such accomplishments in quick suc- 
cession will buildup a large amount of support. The greatest rally 
would be a mission to Mars. If done quickly and with deserved fan- 
fare, this act would bring the Nation together in a way equalled 
only by the Apollo missions. 

The United States of America is the greatest Nation of all times 
and is more than capable of the greatest feats of all time. It will 
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take that one spark to set us in motion and so many other prob- 
lems will be solved. 

Every one has heard of the scientific and even economic benefits 
of going into space. We have all heard of such successes as Velcro, 
Teflon, Tang, communications satellite networks, and advanced 
computer technologies. More will come, but perhaps something far 
greater may be a benefit, a deeper understanding of ourselves and 
our humanity. 

I thank you for the consideration of my testimony. 

Mr. Weldon. Dr. Zubrin. 

Mr. Zubrin. Thank you. Is it possible I could have the lights 
down about halfway. I am going to talk from over here, if it’s OK 
with you. 

Mr. Weldon. If you can talk loud. 

Mr. Zubrin. I can talk real loud. 

We have had a lot of speakers this morning who generally are 
discussing why it’s important to us to launch a major new initiative 
in space, and I feel, especially in accordance with comments made 
by Mr. Cernan, I am going to direct most of my comments to not 
why we need to do it, but to make clear the fact that we can do 
it, we can have humans on Mars within 10 years if this country 
can muster the will today. 

There’s a lot people saying it can’t be done, it’s a task for two 
generations from now. That’s not true. One reason why people be- 
lieve it can’t be done is they have been shown ways to do it that 
are impossible, and, for example, this is what happened when 
George Bush made the call for a Space Exploration Initiative in 
1989, NASA came back with a 90-day report, they said we can do 
it in 30 years if you give us $450 billion, which you know how well 
that went over, end of story. 

Well, the reason why it was so expensive and such a long-term 
proposal was what they came up with was concepts like this. Build 
giant spaceships in space, constructed in orbit in a set of orbiting 
hangers and spaceports and so forth, an assembly of capabilities 
that would take a couple of generations to create and whose pri- 
mary benefit would be that it would employ a lot of people devel- 
oping all this hardware and technolo^. But it would not get you 
to Mars any time soon and for any kind of cost that anyone was 
willing to contemplate. 

The fact is going to Mars is not that hard. You don’t need to 
build giant Battlestar Galactica spaceships to do it. You do need a 
heavy lift vehicle. You could use a Saturn 5, or we could create an 
equivalent to a Saturn 5 very easily out of shuttle technology. It’s 
not that hard a thing to create, built in the 1960’s. We can have 
another one based on shuttle components based on 4 years from 
today if anybody turned on the switch. 

Now, you have got a heavy lift booster with roughly Saturn 5 ca- 
pabilities. How do you use it? OK, you use a two-launch scenario. 
This is known as the Mars Direct Plan, which I developed when 
I was working for the Martin Co. doing planetary mission design. 

The idea is the following: In a given year, I call it year 1, call 
it 2005, you launch one of these boosters off the Cape and you use 
it to throw to Mars an unmanned payload weighing about 40 tons. 
It takes 8 months to get to Mars, it lands on Mars. What is it you 
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have landed on Mars? OK, it’s your Earth return vehicle. What’s 
the Earth return vehicle? It’s a little rocket ship that has a small 
cabin with Spartan quarters for a crew of four people for a 6-month 
voyage back to Earth. 

The thing has two unfueled chemical propulsion stages below 
that, and below that, not shown in this picture, you’ve got a nu- 
clear reactor mounted in the back of a light truck. You land this 
thing on Mars, you tell the robots to drive the truck a couple yards 
away, put the reactor on the ground, switch it on, now you have 
power to the ship. And what you do is run a pump and you suck 
in the martian air. Because you send this thing out to Mars 
unfueled, and this is the trick. When you go to Mars, you don’t 
bring the fuel with you, because Mars has got an atmosphere 
which is the ideal feedstock for making rocket fuel. Bringing rocket 
fuel to Mars is like bringing oil to Saudi Arabia, it makes no sense 
at all. In fact, it’s a lot dumber because it’s more expensive to bring 
rocket fuel to Mars. 

You run a pump, you suck in the martian air, which is carbon 
dioxide, you react that with a little bit of hydrogen you bring with 
you from Earth, and you turn it to methane and oxygen. Methane 
is not the greatest rocket fuel. You store it in your tank. The water 
you take is split into hydrogen and oxygen. We store the oxygen, 
recycle the hydrogen, round and round we go, it’s 19th century 
chemical engineering. It’s not just something you can write down 
on equations. Actually, the technology has been around for 100 
years, but when I was at Martin we built the machine. 

This is a full-scale unit you are seeing here. It cost us $47,000. 
You know what $47,000 is in a major aerospace company, that’s 
how easy this is. That’s nothing. 

So now you have got a fully fueled Earth return vehicle sitting 
and waiting for you on Mars. Once that is done, then at the next 
launch window to Mars, and your launch windows to Mars occur 
every 2 years, so if this launch occurs in 2005, here we are in 2007, 
you launch two more boosters off the cape. 

One sends out another Earth return vehicle with nobody in it 
and the other sends out the crew. They don’t have to fly to Mars 
in the Battle Star Galactica, they just fly to Mars in a simple adap- 
tation module, like an oversized tuna can fitted out with space sta- 
tion life support type equipment. It has a crew of four. It’s got two 
decks, each with 8 feet of head room. 

The upper deck is where the two could live, the lower deck would 
probably be more of a cargo hold. Here is the upper deck with a 
stateroom for each of the astronauts, an exercise area, a lab and 
a solar flare storm shelter. A lot of people make a big deal out of 
solar flares. You can map out solar flares with 5 inches of water 
or provisions which you have on board the ship in any base. 

Now you can also create artificial gravity on your way out to 
Mars by just tethering off the HAB off the upper stage of the boost- 
er that threw you to Mars, that is coasting off of Mars, too. You 
spin this up, you can create gravity and avoid effects of long-term 
zero gravity exposure and that is my preferred way to fly to Mars. 

However, you should know that, look, we have gotten a lot of 
false data from the Russians on the idea that 0-G countermeasures 
don’t work. For the past 15 years we have been seeing cosmonauts 
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come down from MIRE and we had to take them off on stretchers. 
But here, Shannon Lucid walked off the shuttle after 6 months in 
orhit. Six months is how long it takes to fly from Earth to Mars. 
Shannon spent that long in space. She walked off the shuttle. Here 
she is walking around Johnson Space Center the day after she 
landed, shaking hands with Bill Clinton and so on. 

What is going on here, she actually did the exercises. The cosmo- 
nauts, in fact, were undisciplined and did not do theirs. These do 
work if they are implemented in a rigorous fashion. However, I still 
prefer having the artificial part of it so you don’t have to do that. 
But, anyway, this thing flies out to Mars, it takes 6 months to get 
to Mars, which is within our existing space experience, and you 
land it at Mars at site No. 1, where there are fully fueled Earth 
return vehicles waiting for you. 

The other Earth return vehicle is your backup so that if you 
don’t need it, you can land it at a new site, site No. 2 to prepare 
the next human mission, which would fly there 2 years later, along 
with another Earth return vehicle, which is there for backup, 
which otherwise opens up site No. 3. So the idea here is you can 
do this, launching two boosters every 2 years, one to open up a new 
site, one to be at the previous site. 

Two boosters every 2 years is an average of one per year to sup- 
port a continuous program of human exploration of Mars. If we can 
launch them at the same rate as we launch the shuttles, which we 
probably could because it’s basically just a shuttle with another 
stage. You are talking about using maybe 16 percent of your exist- 
ing heavy lift launch capability to support this kind of initiative. 

This is an actual photograph of the Mars space plant. Here is 
your Earth return vehicle sitting on the ground. There is your reac- 
tor in the background. There is the upper deck habitation, lower 
deck is the garage and the pressurized ground rover that can tap 
off some of the fuel you made on Mars to travel around Mars with 
a vehicle powered by a conbustion engine. This is another impor- 
tant thing. 

If you can make fuel on Mars, you cannot only use it to get home, 
you can use it to get around on Mars. A combustion engine pow- 
ered vehicle is going to have a lot more mobility than one powered 
by batteries like a little golf cart or something and we are not going 
to Mars just to say we went there. We are going to Mars to explore 
a planet and if we have capability on the planet, we’ve got to be 
able to do things on the planet, particularly with mobility. 

So to adopt this travel light and live off the land approach, it is 
not only the cheap way to go to Mars, it’s the potent way. So now 
you are on Mars, you are going to be there a year and a half, be- 
cause that is how long you have to be there until the launch win- 
dow opens up to go back to Earth. You do lots of field exploration, 
dwarfing the sort of field exploration that could never be done by 
robotic vehicles. 

At the end of that time, you get in the Earth return vehicle, you 
take off and you go home directly to Earth. You leave the HAB be- 
hind on Mars. So that after a string of these missions have oc- 
curred, you basically have a string of warming huts scattered 
across the Martian surface that basically are within long-distance 
driving range of each other. 
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You are opening up a broad area of Mars to human cognizance. 
We are not actually going to relocate Texas to Mars, this is just 
your district, if you are concerned about that. However, after a cer- 
tain number of the missions have occurred — the initial missions 
you do want to spread out because you want to explore both for sci- 
entific reasons and for prospecting reasons, as it were. But after a 
certain period of time, the key questions that are going to relate 
to Mars is not going to be this question of was there ever life on 
Mars. However, that is a very important question, and it’s a ques- 
tion of great and philosophical importance, but the real question 
about Mars is will there be life on Mars, because, you see. Mars, 
unlike the Moon, unlike certain of the Earth orbit. Mars is the 
place that has on it all the resources that are needed to support 
not just life, but some day a new branch of civilization. 

It’s got water, it’s got carbon dioxide, it’s got nitrogen, which are 
the elements of life, and it’s got the elements of industry; sulfur, 
phosphorus, silicone, iron, plutonium, alluminum, copper. It’s got 
all this stuff and if we can go to Mars and develop the craft on how 
to use these materials, we can turn them into resources because 
what is and is not a resource depends upon the craft you bring to 
the problem. 

If we go there and we learn not just how to make fuel and oxy- 
gen on Mars, which is what we need to do to do our very first mis- 
sion feed, but how to grow crops on Mars, how to extract water 
from the soil, how to make bricks, surroundings, glasses, plastics, 
metals, tubes, wires. If we develop that craft, by developing what 
is in your mind, you turn back an inhospitable environment to one 
that can sustain people, and we can plant the first branch — the 
first seeds of the new branch of human civilization on a new world, 
and, frankly, it’s within our capability and it’s a privilege. 

A lot of people are interested in the Moon. I think the Moon is 
a goal with less order than Mars. However, if you do this right 
with the same hardware that you use to build a base on Mars, that 
can also be used to build a lunar base, and I really think that 
should be our approach. That is in the same way we created a 
space station in the afternoon by doing Apollo. 

We created the Saturn 5, we can launch a space station like that. 
If we do Mars with this sort of approach, we can also establish 
lunar bases for astronomy or whatever purpose. So to be brief, this 
is the entire set of tools you actually need to establish the first 
human settlements on the Moon and Mars if you go at it in this 
way. You need a heavy lift booster with a good throw stage. We 
know how to develop that. 

You do not need giant explanatory space ships, you do not need 
giant explanatory space ports, you do not need fusion power drives 
or any of this other stuff, just a good booster with a good throw 
stage. You can throw payload to either the Moon or Mars. And then 
you need two fundamental types of payloads, an HAB module that 
you can send to the Moon or Mars, although you have to insullate 
it differently, in a different temperature environment, and an 
Earth return vehicle to come back from either the Moon or Mars. 

It is virtually the same vehicle, it has got two stages to come 
back from Mars, one stage to come back from the Moon and arrow 
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shell modules used on the Moon. This is not a $450 billion program 
here. It does not remotely resemble any such thing. 

When I first proposed this plan back in 1990, it was considered 
out in left field by NASA, who are committed to the older mode. 
However, by around 1992, the number of people there finally came 
around and they subjected this to an examination, and decided to 
go with it, but they decided to design their own version of the mis- 
sion, scaled up by a factor of two compared to how I designed it, 
so I called their mission to Mars semi-direct. 

But even so, it was the same basic approach, direct flow to Mars, 
use of Martian air starting on the very first mission. They costed 
it out, the same people, by the way, who costed out the report at 
$450 billion. They costed out their bloated Mars records at feo bil- 
lion. I think if you slip it down, you can cut that in half. 

So we are talking about the Humans to Mars Program can really 
be done within a decade, not for hundreds of billions of dollars, but 
for tens of billions of dollars, which admittedly is not cheap. It is 
not pocket change, but it is a sum that this country can easily af- 
ford if we are talking about opening up a new planet to humanity 
and inspiring an entire generation to excellence and scientific edu- 
cation. So what needs to be done right now? Start phase A. 

NASA programs are all phase A, B, C, D. A is the preliminary 
design, B is the detailed design to decide where the rivers go, C, 
you build it, D, you fly it. Phase A is usually less than 1 percent 
of the program cost, but takes up about 25 percent of the program 
time. We can, with negligible impact on the NASA budget, do the 
phase A of the Humans to Mars Program right now, and the idea 
is to have that report ready to throw on the desk of the President- 
elect in November 2000. 

Why? To do the home work now so that NASA can say to the 
man elected or the woman elected in 2000, look, here is our plan. 
The whole agency is willing to sign off on this level of risk. These 
are our detailed cost estimates. These are our designs. We can have 
people on Mars by 2008, by the end of your second term, the choice 
is yours. 

John F. Kennedy was willing to send people to the Moon or com- 
mitted the Nation around it to send people to the Moon just on the 
feeling that we are Americans and we can do anything, OK. But 
today people like to see the numbers before they make the commit- 
ment. If we are going to have a commitment from the administra- 
tion to launch something as large as the Humans to Mars Program, 
in my opinion it almost certainly has to come in the first year of 
their turn, when they have the most wind in their sails, and such 
a program would best be carried out by a single two-term adminis- 
tration, so you can have a degree in political continuity requiring 
it. Therefore, the ideal time to hit the beach is November 2000. 

We have to commission NASA now to do the phase A, to throw 
on the desk of that person, and then you can have a break down 
of the space in the first decade of the 21st century. So I am going 
to conclude with a quote. OK. This is a quote I lifted from a book 
called “A Plymouth Plantation,” written by William Bradford, the 
leader of the pilgrams. 

He wrote this book in 1621, 1 year after the Mayflower landing. 
And what he is talking about here is the debate that erupted 
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among the pilgrims when they were in Holland, and they didn’t 
like the way things were going there, and they didn’t know where 
people got them, and what some guy came up with was the totally 
bizarre suggestion that what they ought to do was relocate the en- 
tire population of the civilized Netherlands into the wilds of North 
America because however hard it might be, there they would be 
able to cut their own path, there they would be able to make their 
own world. And he says the following. 

He says. 

This proposition, being made public and coming to the scanning of all, it raised 
many variable opinions amongst men and caused many fears and doubts amongst 
themselves. Some, from their reasons and hopes conceived labored the stir-up and 
duress to undertake and prosecute the same. Others, again, out of their fears, ob- 
jected against it and sought to divert from it, alleging many things and those nei- 
ther unreasonable nor unprobable and that it was a great design and subject to 
many unconceivable perils and dangers. It was answered that all great and honor- 
able actions are accompanied with great difficulties and must be both enterprised 
and overcome with answerable courages. 

I put that up there because, look, I have just shown you in a very 
brief way this Humans to Mars plan. If you want to see it in more 
detail, read my book, it’s all there. But despite the fact it is by far 
the cheapest way anybody has ever proposed to get to Mars, I be- 
lieve it is the safest because the relatively small vessels can be 
completely checked out on the ground, where you can check things 
out, as opposed to in orbit, and there is back-up and artificial grav- 
ity and all the rest of this. 

But the fact of the matter is, it’s got to be a commitment. In fact, 
if we commit to going to Mars, we are undertaking a lot of risk and 
it is going to be very risky to go to Mars the first time, and that 
is going to be true whether we do it my way in 2007 or we advocate 
and start with responsibility and leave it to a far future generation 
or some other nation to do it in 3007. But if you look at human 
history, and I don’t care where you look, whether you look at 376 
years ago or what people were doing 52 years ago, one thing is very 
clear, and that is that nothing great has ever been accomplished 
without courage. Thank you for your attention. 

Mr. Weldon. Thank you very much. Dr. Zurbin. 

I would like to next turn to Mr. Rogers. 

Mr. Rogers. Mr. Chairman, I appreciate being invited here this 
morning. We are speaking today about spending very large public 
sums. Therefore, I have a politically pragmatic 5-minute statement. 

Half a dozen years ago, our civil space leaders envisioned a 10 
percent per year program real growth through the decade of the 
nineties. Purchasing power actually made available has been stead- 
ily decreasing. This trend is expected to continue, resulting in a dif- 
ference of $100 billion over a decade. 

Why this extraordinary reduction in public support, in view of 
the clear, widespread and continuing public interest in space? Our 
Civil Space Program was created at a time of great apprehension 
about the technological capability of the Soviet Union. The extraor- 
dinarily successful Apollo Program helped ease our national secu- 
rity concerns. So, when civil space leaders then asked to be allowed 
to conduct a space exploration activity, a grateful American public 
quickly agreed. But that was a quarter of a century ago. And our 
general public has not seen enough produced by the program that 
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is of great and continuing interest to it, relative to other publicly 
supported activities. 

Our civil space leaders seemingly find it difficult to differentiate 
between a general public interest in space, which continues to be 
high, and a general public constituency for the space program, 
which continues to erode. That is our challenge, to differentiate. 
Therefore, in cooperation with our private sector, the ensemble of 
space activities conducted by the program should be refashioned to 
give it a greater emphasis on those things which many, many more 
of us personally, and which would be pleasing to us, and which 
have a much greater interest in and value to many, many more of 
us than today. 

Here are three examples of such things in the human space 
flight area. One, you have already heard of this morning. Buzz 
Aldrin and I have recently noted that over 10 million of us visit 
space-related museums and installations throughout the country 
each year. This is a business already, a space tourism business of 
$1 billion a year. Poll after poll suggests that some 40 percent of 
our population wish to take a trip to space. Some 80 million people 
in the United States alone think of that in the context of the term 
“constituency.” Such a new space business could grow to tens of bil- 
lions of dollars a year, and if it came about, today’s view of space 
would be fundamentally changed. 

Second, aging-related life sciences research, in orbit, physio- 
logical difficulties observed in the human cardiovascular system, 
reduced lung capacity, loss of bone calcium, mimic what happens 
to all of us as we grow older. This reversible phenomenon can be 
thought of as accelerated aging. Large scale research studies, con- 
ducted under microgravity conditions, could be helpful in dealing 
with the diseases and disabilities of our large and rapidly growing 
elderly population. 

Third, space sports. With the local influence of gravity on human 
movement in low Earth orbit, without it, wholly new sports could 
be created there and new sports records established. Communica- 
tions business interests would see them launched throughout the 
world and widespread interest and excitement would be created in 
space that is dominated today by scientists and technologists. God 
help us, I am one. 

But two problems must be dealt with in order for such kinds of 
economically and socially desirable changes to come about. First, 
we must understand that the unit cost of basic space infrastructure 
and activities remains enormous. They are 1,000 times to 100,000 
times as great as at the surface. 

Two, many civil space people are apprehensive about their per- 
sonal futures, if a large part of today’s Federal program is taken 
up by private business interests. Therefore, in this context, I would 
make three suggestions to you. First, our Federal Government has 
a vital role to play in reducing unit space costs. It decided to do 
so for transportation. Now, the highest priority of our multibillion- 
dollar per year Space Station Support Program should be that of 
bringing about privatization of the Space Stations operations. 
Thereby, laying a basis for commercialization. 
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Second, the Secretaries of Commerce, Energy, and Transpor- 
tation should now be asked to take a greater interest in civil space 
matters. 

Third, and last, today’s negative reward structure for civil space 
workers must be changed, so as to encourage space commercializa- 
tion efforts to succeed. Therefore, we should take a fundamentally 
new step forward. We should establish a human Moon, Mars explo- 
ration and settlement budget line item for NASA. We should do it 
now and then we should fund it in proportion to the business reve- 
nues generated in the human space flight area. 

The new tax revenues generated thereby would pay for it, and 
both our space and public economic interests would benefit. 

Mr. Chairman, I provided the staff with papers that deal with 
these observations and details. 

[The prepared statement of Mr. Rogers follows:] 
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Mr. Chairman, thank you for inviting me here this morning. 

Each month we learn of. and wonder about, new space feats of our civil space program's 
Shuttte fleet, science satellites, solar system probes and Hubble space telescope. 

But. while a half dozen years ago our civil space ieoders envisioned a 10% F>er year 
program real growth throughout the 1 990s. the purchasing power actually mode 
available has been steadily decreasing, a trend expect^ to continue ~ resulting in a 
difference of $100 biHion t 

Why this extraordinary reduction in public support in view of the clear, widespread and 
continuing public interest in space ? 

Our civil space program was created at o time of great apprehension about the 
technological capability of the Soviet Union, extraordinarily successful Apollo program 
helped ease our national security concerns. So. when civil space leaders then asked To be 
allowed to conduct space exploration activities, a grateful American public quickly 
agreed. 

But that was a quarter of a century ago, and our general public hos not seen enough 
produced by the program that is of greot and continuing interest to it relative to other 
publicly supported activities. Our crvil space leaders seemingly find it difficult to 
differentiate between a general public interest in sooce. which continues to be high, from 
a general public constituency for the srxace proarom. which continues to erode. 

Therefore, in cooperation with our private sector, the ensemble of space activities 
conducted by the program should be refosNoned to give greeter emphasis to those 
which involve many more of us personally, and which have a much greater interest and 
value to many more of us. 

Here are three examples in the human space flight area: 

1 ■ Space Tourism 

Over 10 million of us visit spoce-related museums and Installations throughout the 
Country each year - a business of some $l t^Hon. But poll after poll suggest that some 
40% of our population wish to take a trip to ^ace - some ^ million people in the U.S. 
alone. Such a new space business could grow to $ 10s of billions per year. And today's 
view of space would be fundamentally changed. 

2. Aoina-Rel oted Life Sciences^Research 

In orbit, physiological difficulties observed in the human cordiovoscular system, reduced 
lung capacity, and loss of bone calcium, mimics what happens to all of us os we grow 
older. This (reversible) phenomenon can be thought of as "accelerated aging". Large 
scale research studies conducted uixler microgravity conditions could be h^pful in 
dealing with the diseases and disabilitiies of our large and rapidly growing elderly 
population. 

3. Space Sports 

Without the local influence of gravity on human movement In Low-Earth-Orbit, wholly 
new sports could be created there and new records established. Communications 
business interests would see them watched throughout the world. And widespread 
interest and excitement would be created in space that Is dominated today by 
scientists and technologists. 

But two problems must be dealt with for such kinds of economically and socially desirable 
changes to come about: 

The unit cost of basic space infrastructure and activities remoins enormous - they are 
1 ,0O0X - 1 OO.OOOX as great as at the surface. 
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Z. Many civil space people are apprehensive obout their penonal futures If a lorge pari 
of today's Federal program Is taken up by private business Interests. 

I would make 3 suggestions: 

L Our Federol government has o vital role to ploy In reducing unit space costs. It has 
started to do so for transportation. Now the highest priority of our % multi-billion per year 
Space Station support program should be that of bringing about privatization of 
Station operations, thereby laying the basis for commercialization. 

2. The Secretaries of Commerce. Energy and Transportation should be asked to fake a 
greater interest in civil space matters. 

Today's negative reward structure for civH ^:x3ce workers must be changed to 
encourage "space commercialization" efforts to succeed. We should take a 
fundamentally new step forward: we should establish a human Moon-Mars exploration 
and Initial settlement program NASA budget line item and then see If funded in 
proportion to the business revenues generated in the human space flight area. 

The new tax revenues generated thereby would pay tor it. and both space and public 
economic Interests would benefit. 

Mr. Chairman. I have provided your staff vrith papers that deal with these observations In 

detail. 
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See the two Rgures, attached. 

Retefences. 

• "Report ot the Advisory Committee on the Future of the U. S. [CiviiJ Space Program": 
December, 1990. 

• "What The United States Must Do To Realize The Economic Promise Of Space", a 
report of the Aerospace Research and Development Policy Committee of The 
Institute of Rectrical and Bectronics Enoineers Inc. Ithe IEEE); December 17. 1993. 

• "Space Tourism: The Perspective from Japan and Some Implications for the United 
States". T. F. Rogers; The Journal of Practical Apolications of Space : Winter. 1 995; 
Vol. VI No. 2. 

• "Large-Scale Commercial-Industrial Business In The Fluman Space Flight Area - Using 
the Space Station and its Support Program To Do So". T. F. Rogers; April 15, 1997. 
(Unpublished.) 

• "Why And Flow To Obtain Public Approval For A Moon-Mars Human Exploration And 
Sefflement Program - A New Way of Justifying Such a Program and Paying for ir, 

T. Rogers: Aprii 11, 1997. (Unpublished.) 
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Mr. Weldon. Thank you, Mr. Rogers. 

Dr. Potter. 

Mr. Potter. Mr. Chairman, I want to start out by thanking you 
for inviting me to speak with you this morning. I feel that it is es- 
pecially a privilege to address this committee because given its 
wide jurisdiction, you will be able to put what I say into relevant 
environmental, social and economic issues, not just technical 
issues. The specific issue I want to discuss is one of the more inno- 
vative energy technologies to be proposed during the oil crises of 
the 1970’s. That is the solar power satellite. 

I believe Peter Glaser, who first originated this idea in 1968, de- 
scribed it to you a week ago in the hearing. And as you recall, it 
was intensively studied by NASA and the Department of Energy 
during the 1970’s. The result of the study was a reference, straw- 
man solar power satellite concept, which would orbit the Earth at 
an altitude of 22,000 miles, the traditional geostationery orbit of 
communication satellites, so they would always stay over one spot 
on the Earth. 

The problem was that given this — the way the energy is trans- 
mitted back to the Earth, that is low density radio waves at micro- 
wave frequency, the beam will spread out to several miles at the 
surface of the Earth. This is true whether you put one watt into 
the beam or billions, so you are going to have to put 5,000 
megawatts of electricity into this beam in order to make economical 
use of the land that is going to be needed to soak up the energy. 

At the Earth’s surface, you have a large field of small antennas 
known as a rectifying antenna or rectenna, which converts the 
microwaves back to electricity. Now, two things happened, which 
kind of put a damper on this concept. No. 1 was the sheer size of 
it, coupled with the high cost of launch to space, which we thought 
was going to go way down from the 1970’s levels and didn’t. 

The other issue was the relatively low cost of oil. When the oil 
crisis ended, space solar power did not look competitive. Neverthe- 
less, the idea is receiving increasing attention in recent days due 
to concerns about the environmental effect of burning fossil fuels. 
We are still left with large size and hence the large first cost of the 
idea. 

The idea itself, in my opinion, is very elegant. If you had a ring 
of solar power satellites in geostationary orbit and some amount of 
space infrastructure and space travel capability to maintain them 
and perhaps replace them, you can power civilization indefinitely 
with no cost in fuel, and what I believe to be minimal impact on 
the environment. However, it is hard enough to get a 5,000-mega- 
watt power plant financed on Earth, let alone at an attitude of 
22,000 miles. This is four to five times the size of the typical power 
plant, so if I may borrow a phrase Dr. Aldrin used earlier this 
morning, what we need to do figuratively and literally is bring the 
idea down to Earth. 

We have studied this idea for a number of years at New York 
University and we have identified a few major issues as crucial to 
the development of space solar power, and I am going to briefly run 
through them. One I have already alluded to is the cost of access 
to space, since there are usable launch vehicles such as the X-33 
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currently being researched. It is hoped this will be less of an issue 
over the next few years than it is now. 

Coupled with this, it is the development of new materials that 
did not exist during the study of the 1970’s. You can lower the cost 
of launching a pound of mass to orbit. What you can also do is 
lower the mass of the thing you want to supply to power. In recent 
years, a number of companies have developed thin film solar cells, 
deposited on light weight flexible substrates. It is not just the theo- 
retical possibility, it looks approximately like this. In fact, it looks 
exactly like this. 

This is an actual production piece of a thin film solar cell made 
by a company in Ames, lA, and you can imagine something like 
this being fashioned into a light weight, possibly inflatable struc- 
ture, and erecting itself into space. 

Our next major issue I have also alluded to briefly is the environ- 
mental cost of fossil fuel burning implied by the U.N. Climate Con- 
vention. If, for example, the nations of the Earth decide that they 
want to tax carbon emissions, then the cost of power from space be- 
comes somewhat more attractive compared to conventional power. 

Our fourth major issue is the demographic facts of life in devel- 
oping nations. According to the Intergovernmental Panel on Cli- 
mate Change, by the year 2025, something like 95 percent of the 
population growth, and 75 percent of the expected carbon emissions 
growth will come from developing nations. Many of these people 
may be able to leapfrog directly over the era of conventional fossil 
fuel burning power plants, directly into space solar power. 

Our fifth major issue is the relationship between space solar 
power and communications. A number of companies have proposed 
building large arrays of satellites in low to middle Earth orbit. We 
proposed that you may be able to combine the capabilities of power 
beaming and communications, over the same beam. The fre- 
quencies and the technologies are similar, you just need a lot more 
power. We were inspired by this rather lowly device, which is the 
telephone cord, which supplies both power and the voice signal to 
your phone. 

For students under 30, I call it a computer modem cord, but the 
idea is the same. So to summarize my remarks, I believe that space 
solar power has the advantage over conventional renewables in 
that you get more power per unit land area and also has the ad- 
vantage over other power sources in that it is pollution free and no 
new physics needs to be studied. The technology is right in front 
of us. 

Mr. Chairman, I want to thank you again for inviting me and I 
would like to request that two papers for me and my colleague at 
New York University be entered into the record. 

Mr. Weldon. Without objection, so ordered. 

[The information referred to follows:] 
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APPUCATIONS OF THIN-FILM TECHNOLOGY 
IN SPACE POWER SYSTEMS 

Seth D, Potter 
New York University 
Department of Physics 
Program in Applied Science 
34 Stuyvesani Street, Sth floor 
New York. NY 10003-7599 


Abstract 

Solar power satellites (SPS's) have been 
proposed as a means by which energy from the sun can 
be collected continuously in geostationary orbit, and 
transmitted to rectifying antennas (rectennas) on the 
Earth. Recent advances in thin-film technology may 
allow for significant reductions in the amount of mass 
needed to supply a given amount of power. Light- 
weight flexible substrates can be coated with a thin 
Him of photovoltaic material. Furthermore, if solid- 
state microwave transmitters can be deposited on the 
same substrate, then nearly the entire area of the 
substrate is available to serve as both solar collector 
and transmitting aperture. Because a larger 
transmitting aperture emits a less divergent beam, 
smaller SPS and rectenrta areas become possible. If 
large numbers of thin-film SPS's are necessary, it may 
be possible to lower their cost even further by using 
lunar materials. The combination of a lunar 
infrastructure and ihin-film technology may pave the 
way toward a lunar power system G-PS) which would 
involve solar collectors and microwave transmiuers on 
the Moon, and microwave reflectors in low Earth orbiL 
Other future applications of this technology are solar 
sail space probes as well as demonstration SPS's in 
low Earth orbit 


loBPductifln 

A major constraint on the deployment of solar 
power satellites (SPS) is the cost of launching 
construction material into space. Two research 
strategies have been pursued in order to alleviate this 
problem. One approach is to build the SPS out of 
non-terrestrial (particularly lunar) material. This 
approach has been supported for many years by the 
Space Studies Institute (SSI) in Princeton, NJ. 
Launching a given amount of material from the Moon 
to high Earth orbit takes less than a twentieth as much 
energy as launching the same amount of material from 
the EanhK When other factors, such as atmospheric 
resistance on the on the Earth, are accounted for. the 
savings in launch costs from the Moon versus the 


Earth may amount to a factor of fifty. In 1985. Space 
Research Associates completed an SSI-commissioned 
study^, in which NASAAJS Department of Energy 
reference SPS design^ was redesigned to take full 
advantage of lunar resources. It was shown that 
approximately 99% of an SPS can consist of lunar 
materials. The 8% increase in overall mass compared 
to an SPS built from terrestrial materials was 
considered to be a relatively small price to pay for this 
advantage. 

The SPS designs mentioned above have 
masses of about 50,000 metric tons and generate 5000 
megawatts of electricity. Recently, therefore, another 
strategy for reducing SPS launch costs has been 
considered. Work at the NASA Lewis Research Center 
has shown that thin-film solar cells can be deposited 
on a lightweight substrate; furthermore, the addition of 
solid-state microwave transmitters integrated onto the 
same substrate may eventually be possible^. If the 
entire area of the substrate can be covered with 
microwave transmiuers as well as solar cells, large 
effective transmitting antenna diameters become 
feasible. Due to the physics of power beaming, the 
larger the transmitting antenna, the less the microwave 
power beam will spread as it reaches the Earth. 
Because the rectifying antenna (recienna) at the Earth's 
surface can now be made correspondingly smaller, the 
SPS need not supply as much power as a conventional 
SPS in order to be economical. With smaller SPS's 
having a lower mass per kilowatt of power generated, 
the system becomes easier to build and Hnance. 

Recent research at New York University, 
supported by SSI, aims to achieve the best of both 
approaches to launch cost reduction by using chin film 
phoiovoitaics and lightweight substrates built from 
terrestrial or lunar materials^-^. The fust step in the 
suidy was to consider two lightweight SPS designs 
suggested by Geoffrey Landis and Ronald Cull of the 
NASA Lewis Research Center the "bicycle wheel" and 
the "inflatable sphere"*. The bicycle wheel SPS would 
consist of a disk-shaped solar cell/transmitter array 
stretched out over spokes, with a pole running through 
its center. The primary goal of the SSI/NYU study 
was to design a lightweight SPS which makes use of 
thin-film photovoltaic materials and solid state 
microwave transmitters deposited on lightweight 


Copyright © 1995 by the American Institute of 
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substrates. Throughout the study, "traditional" 
requirements on SPS's were adhered to whenever 
possible (e.g., geostationary orbit, microwave power 
transmission, etc.), but were altered if necessary to 
facilitate the design of a simple, easily launched SPS 
(e.g., new materials; integrate, rather than gimbaled, 
antennas; etc.). The study is a “first order” design. 
Future designers may ne^ to alter such things as 
frequency (depending on federal and international 
frequency allocations) and total mass (depending on an 
eventual selection of type of thrusters, as well as a 
more detailed consideration of the structural design). 
Electromagnetic thrust (pushing against the Earth's 
magnetic field) should be investigated as a means of 
keeping the mass low. Pow^ for this can be siphoned 
from the solar array. 


Power Transmission 

An important consideration in SPS design is 
the need to transmit pow^ from geostationary orbit to 
the Earth. The NASAAIS [department of Energy 
reference design utilized microwaves at a frequency of 
2.4S GHz. This is a well-understood frequency, with 
equipment such as magnetron tubes readily available. 
Since the physics of power transmission causes the 
beam to spread out into a 10 x 13 km area on Earth 
(for a 1 km transmitting antenna), the reference SPS 
had to transmit large amounts of power (5 gigawatts) 
in order to be economical. One of the advantages of a 
thin-film SPS is that if solid state microwave 
transmitters and solar cells can be integrated onto the 
same substrate, then larger transmitting antenna arrays 
are possible. If each transmitter element is powered 
only by the solar cells in its immediate vicinity, then 
losses along power buses from the solar cells to the 
antenna are minimized. Furthermore, the design is 
simple, consisting of the same element repeated many 
limes, as well as durable (since few single parts are 
critical to the overall operation of the SPS). For the 
study, the entire surface of the SPS is assumed to 
contain both solar cells and integrated transmitters. 
Thus, as the SPS diameter is increased, more pow^ is 
squeezed into a tighter microwave beam. The SPS was 
sized so that the peak beam intensity at the Earth's 
surface is 30 mW/cm^. This Hgure is the same as chat 
used in the previous SSI-sponsored study on SPS's 
built of lunar materials^, and is similar to that from 
the NASA/US DOE study (i.e., 23 mW/cm^). It has 
been suggested that higher values, such as 40 to 50 
mW/cm^may be acceptable'^. Thus, a value of 30 
mW/cm^ is in keeping with previously accepted 
intensities, while still allowing for some leeway in the 
design. 

Frequencies higher than 2.45 GHz lead to 
smaller, more feasible SPS's. However, frequencies 
higher than about 10 or IS GHz are subject to 
attenuation in rain as well as clear air (although there 


are "windows" in clear air at 35 and 94 GHz)*-®**®. In 
addition, the efficiency of solid state microwave 
transmitters decreases with frequency. Therefore, 10 
GHz was chosen as the baseline frequency for the 
study, although this should be considered provisional, 
as regulatory issues were not considered. 

The nominal latitude for the study is 35*. in 
keeping with the NASAAJS DOE reference design. 
The intensity of the power beam is dependent on the 
latitude, although it is not highly sensitive to it (at 
least, for latitudes below about 60*). Thirty-five 
degrees is not far removed from most of the world's 
population centers, so the resulting design will be 
practical for many regions. If the same design is mass- 
|m)duced to power many areas, the peak intensity at 
higher latitudes will be less than 30 mW/cm^, while 
the peak at the equator will be just under 40 mW/cm^. 
Alternatively, the design can be customized for each 
latimde. In the calculations for this study, the SPS-to- 
rectenna distance and the beam angle from vertical at 
the Earth's surface were corrected for latitude. 
Distances were thus somewhat greater than the 
geostationary altitude of 35,786 km. Beam angles 
from the vertical were slightly greater than the latitude. 

The energy distribution of a microwave beam 
consists of a central main lobe, where most of the 
energy is concentrated, as well as sidelobes. Sidelobes 
can be minimized by the proper choice of beam taper 
(i.e., a variation in the intensity of the beam across the 
face of the transmitting antenna), although the main 
lobe then becomes broader. Beam tapering involves 
redistributing the power across the face of the 
integrated SP$. which complicates the design, and may 
lead to power distribution losses in the SPS. 
Although these losses may not be large, a more dilute 
beam will require a larger SPS in order to maintain 
economically high beam intensities. In order to design 
the smallest economical SPS, the study emphasized 
untapoed microwave beams. 

Consider a uniformly illuminated circular 
phased array transmitting antenna. If the individual 
antenna elements are spaced no more than one-half 
wavelength apart, then the beam intensity at the 
rectenna site is; 

«•> ■ 

where J](u) is the first order Bessel function of the first 
kind. 

The variables used here are defined as follows: 
s peak intensity of untapered beam at 



X = wavelength 
h s altitude 
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Pi s transmioed power 

B transmitting antenna anay diameter 
u a iKMi><limensionalized distance from center of beam 

pattern at rectenna s 

r - dimensionalized distance from center of beam 
pattern at rectenna. 

This equation applies to a beam that is perpendicular 
to the ground. Tte beam from a satellite orbiting over 
the equttor transmitting power to a latitude of will 
have an angle of from the vertical, where: 

't = ^<, + «resin[^sin ♦„] ffi 

and Rc is the radius of the Eirdi. (The angles are 
expressed in radians.) Note that if ^ ^ 0, the altitude h 
(measured from the rectenna) is slightly greater than 
the altitude of the satellite as measured from the 
equator. If ho is the altitude of the satellite as 
measured from the equator, then 

h = V h„2 + 2(l-cos ♦„)Re(R.+h„) (3) 

The value of h computed in Equation 3 is used in the 
calculations of Iq and ^ in Equations 1 and 2. F<x 
rectennas at high altitudes and low latitudes, h and 0 
will differ little from hg and ^though the 
diiTerences were accounted f<x. For a latitude of 35* 
and an altitude of 35,786 km (geostationary orbit), the 
values of ^ and h were 40.6* and 37,119 km, 
respectively. The peak intensity can now be corrected 
for beam angle, since the deviation of the beam from 
vertical will cause the peak intensity to decrease by a 
factor of cos ^ as the power is spread out over a larger 
area. The corrected intensity. 1^, is thus: 



The transmitted power (P,) can be computed by 
recalling that for the ihin-film SPS, the entire surface 
area may be covered with solar cells and solid state 
microwave transmitters. Thus, the solar collector 
diameter and area are the same as those of the 
transmitter array and are D, and 7cD,^/4, respectively. 
Thus, the transmitted power is given by: 



where S© is the solar constant (1373 W/m^) and q is 
the overall efficiency at which the SPS converts 



sunlight into microwave energy. The parameter q can 
be found by multiplying the efficiencies of the first 
nine system elements in Table 1. 

If the expression for P^ in the right side of 
Equation 5 is substituted into Equation 4 and the 
renting equation solved fcx* D,, then the following is 
obtained: 

. , 1/4 . 

If c is the velocity of light and f is the frequency of the 
transmitted beam, then X = c/f. Substituting this into 
Equation 6 gives: 

^ l So 11 cos 

where h and 4* given in Equations 3 and 2, 
respectively. Thus, for a given SPS altitude, rectenna 
latiiude. and power beam frequ^y, the allowable peak 
beam intensity determines the diameter of the sm^est 
feasible SPS. Larger SPS's are possible if the power 
transmission beam is spread out wider than the 
diffiaction limit This can be achieved through beam 
tapering. SPS's that are significantly smaller than that 
given by Equation 7 ait not feasible, because a low-- 
powered, more spread-out beam will result Thus, the 
rectennas will have to be larger, and may not even be 
able to collect power in much of the outer area of the 
main lobe, if the beam intensity is insufficient to 
activate the lectenna diodes. 


(7) 


Choice of Materials 

Researchers^'** have investigated several 
difTcrem thin-film photovoltaic mat— ials. Amorphous 
silicon (a-Si) compares favorably with other materials, 
such as CdS. Cu2S, and CulnSe2 in terms of 
dllciency. All of these materials are radiahon-iolerant, 
thereby eliminating the need for a protective cover 
glass. They are also low in mass, and therefore, 
inexpensive for the quantities that will be needed. 
AmOTphous silicon is at a slight disadvantage in tenns 
of light degradation (10 to 15% after two years, 
compared to, say, CulnSe2, which has none**), but it 
is believed that this can be improved upon. Because of 
its favorable characteristics, and the fact that it is the 
only thin-film i^otovoliaic material available on the 
Moon, amorphous silicon served as the basis for this 
study. If SPS designers wish to substitute a difrerent 
material for the SPS built of terrestrial materials, the 
results of this study are still applicable, since the 
efficiencies are similar. Ref. 4 reports that a-Si cells 
with an efficiency of 9.0% were available as of 1988. 
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and projected an efficiency of 1 1.5% for the 1990's. 
The latter figure was used in this study (although these 
efTiciencies were actually for a-Si on a thick substrate). 
A degradation of 4% due to radiation is given in Ref. 
12 (page 164). The materials considered for the 
substrate are Kapton polyimide for an SPS built of 
lorestrial materials (25tiin thick in the near-term; Tpin 
thick in the long term) and steel foil for an SPS built 
of lunar materials (2Stim thick in the near-term; 
7.S|im thick in the long lerm)^^. The long-term 
thicknesses were used in this study. For array mass 
calculations (cells plus substrate), specific powers 
(watts per kilogram) given in the literature**''^ were 
based on cell efficiencies of 5. 10. or 15%, so they 
were rescaled for an efficiency of 11.5%. The area 
densities of advanced cells (substrate, photovoltaic 
material, and metallization) are 15.8 gAn^ for terrestrial 
materials and 59.8 g/m^ for lunar materials. 

SuppOTi structures for a bicycle wheel-type 
SPS should consist of lightweight materials, in oider 
to take advantage of the mass savings available from 
thin-film solar ceils and substrates. Suggested 
materials are silicon carbide (SiQ. for an SPS built of 
terrestrial materials) and glasses such as basalt fiber, 
glass ceramic, and fiberglass, for an SPS built of lunar 
materials)*^'**. 


SPS Design Tradeoffs 

Two different SPS designs were considered, 
based on Reference 4: bicycle wheel and inflatable 
sphere. The inflatable sphere has the advantage of 
needing no support structure, other than a low-pressure 
gas to inflate it In addition, it always has an entire 
hemisphere facing both the sun and the Earth. 
However, its effective area for both the solar cells and 
the transmitting antenna array is equal to its cross- 
sectional area, not its total surface area. Thus, the 
array is four times more massive than if it were a flat 
disk. Power from die sun-facing part of the array must 
be redistributed to the Earth-facing pan. The power 
must be redistributed sdll further, since the limb of the 
Earth-facing side will have more transmitting elements 
per cross-sectional area than will the center, due to the 
fact that the limb is seen edge on. This may not 
greatly increase the mass or complicate the design; in 
fact, the power redistribution network can be deposited 
on the interior of the sphere**. The curvature of the 
anay causes a transmitter phase difference across the 
Earth-facing side, which can be compensated for. In 
addition, the inflatable sphere has more surface area 
from which to radiate heat 

The bicycle wheel SPS is shown 
schematically in Figures 1 and 2. Such an SPS can be 
designed so that it can transmit from either the same 
side that collects the energy or from the opposite side. 
It will have to switch from "two-sided" to "one-sided" 
use and back again each day, probably at dawn and dusk 


(see Fig. 2). During at least one of those times, the 
SPS will briefly be edge-on to either the Earth or the 
sun, thus interrupting the power. Some storage 
capability at the ground may therefore be necessary. 
When designing a bicycle wheel-type SPS, an 
allowance must be made for the tracking loss, because 
the array cannot simultaneously point at both the sun 
and the Earth, except at midnight and at noon. A 
tracking loss of 30% was assumed, based on Landis 
and Cull's (Ref. 4) figure for an SPS in orbit around 
the Moon. It is possible that this can be improved 
upon. The worst-case situation occurs at dawn and 
dusk, at which times the sun and Earth are 90* apart 
Phased-array antennas can steer a beam up to 60* from 
either side of the normal to the array surface. Thus, 
the normal to the array need not deviate from more 
than 30* from a line to the sun. Because the cosine of 
30* is 0.866, the loss in solar energy collected need 
never be more than 13.4%. Since the beam is being 
slewed up to 60*. and the cosine of 60* is O.S, the 
effective transmitter array diameter (as seen from the 
Earth) is halved along one axis. There will therefore 
be some additional loss due to the fact that the beam 
spreads out more, possibly overspilling the rectenna. 
The rectenna width can be doubled along one axis, 
thereby doubling its area and capturing the otherwise 
lost power. However, there may be a more serious 
toss caused by the fact that the intensity of the beam 
will be halv^ (in addition to the loss in intensity 
by the fact that the coUectra' surface no longer 
faces the sun squarely). Thus, the outer parts of the 
beam may fall below the intensity needed to active 
the rectenna diodes. It may be possible to minimize 
this loss with advanced rectenna designs. Calculations 
were also done for a bicycle wheel SPS with no 
tracking loss. This can be achieved if the array points 
toward the Earth and a mirror orbiting with the array 
reflects sunlight toward it. Such a mirror might 
consist of aluminum on Kapton*'^, plus an apprcqmate 
support structure and might weigh more than the SPS 
itself: the increase in system mass is thus 2.1 times 
that of a system with a tracking loss (in which the size 
or number of SPS's is increased to compensate for the 
lost power). (The factor of 2.1 is explained below.) 
Such an increase in mass may be deemed worthwhile if 
the fluctuation of the power level of a non-tracking 
array as it orbits the Earth turns out to be a serious 
problem. 
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Fig. 1. “Bicyclo whMl” thln-film Mlar powar 
aatallHt. Solar energy la collected and 
beamed to Earth In the form of microwavea. 
(Adaptad from Reference 4). 



Fig. 2. Two'Clded *bleyele wheel” thln*(llm 
aolar power aatelllte aa It orbita the Earth 
during the eourae of a day. Viewpoint la 
“abeva" the North Pole. Note that the SPS 
makaa a tranaltlon from “two-elded” uae 
(that la, collecting aolar energy on one aide 
and tranamitting It from the other) to "one- 
aided” uae and back again each day. For an 
"Inflatable aphere" SPS, thia tranaltlon la 
contlnuoua. 


System EfTiciencies 

The microwave power level incident on the 
rectenna is considerably different from the power level 
of sunlight incident on the SPS. Furthermore, the 
power available to consumers is somewhat less than 
that incident on the rectenna. In addition to the 
inefficiency of the solar cells and tracking losses, other 


inefficiencies must be accounted for. The efficiencies 
used in this study are based on Table 1 from Vondrak 
(Ref. 7), but with modifications. They are shown here 
in Table 1 . Note that atmospheric transparency had to 
be adjusted for latitude (because an oblique beam cuts 
through more atmosphere than a beam at the equator) 
and for frequency. It is significant mainly at higher 
frequencies, such as 35 GHz and 94 GHz. 


Table 1: Solar Power Satellite System 
Efnciencies 


System 

Element 

Efflcieocy 

Reference 




1. Sfttcilite 

snitude 

control 

91« 

Ref. 7 

2. Solar cell 
efficiencv 

11.5% 

Refs. 4. 11 

3. Radiation 
desradation 

96% 

Ref. 12 

4. Aniy 
effective area 
efficiencv 

95.1% 

Ref. 7 

5. Amy/ 
antenna power 
distribution 

99% 

Estimate 

(Potter) 

b.DCtoRF 

conversion 

55% (frequencies 
^10 GHz) 

40% (35 GHz) 
30% (94 GHz) 

Based on 

Refs. 16. 17 

7. Trans- 
mitting 
antenna 

96.5% 

Ref. 7 

8. Atmo- 
spheric 
transparency 
(examples) 

98.9% (10 GHz 
to equator) 

98.6% (10 GHz 
to 35* latitude) 
93.5% (35 GHz 
to 35* latitude) 
77.0% (94 GHz 
to 35* labtuda) 

Based on 

Reft. 8. 9, 10 

9. Tracking 
efficiency 

70% (Bicycle 
wheel) 

100% (Bicycle 
wheel with 
mirror or 
inflatable 
sphere) 

Ref. 4 




10. Recierma 

energy 

collection 

83.8% 

Refs. 9. 18 

11. Rectenna 

energy 

conversion 

88% 

Ref. 7 

12. Interface 
to utilitv Did 

97% 

Ref. 7 
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SPS Size a nd Power Level 

When the first nine efficiencies in Table 1 are 
multiplied together and the result substituted for i] in 
Equation 7, the size of an SPS whose peak beam 
intensity (Ic) is 30 mW/cm^ at the Earth’s surface can 
be computed. For a bicycle wheel SPS (without a 
mirror) beaming power to a latitude of 35* at a 
frequency of 10 GHz, the diameter is 2020 meters and 
the power incident on the Earth's surface (Equation 5) 
is 153 megawatts. When the last three efficiencies in 
Table 1 are accounted for, it is seen that 109 
megawatts is available to consumers. The rectenna 
energy collection efficiency is based on the percent of 
the power of an untapered beam that falls within the 
main lobe^-*®. The mass of the solar cell/transmiuer 
array is S 1 metric tonnes. This does not include the 
mass of the support structure. Initial estimates for 
support structure masses were quite low • 
approximately 1.6 tonnes^. A value of about 10 
tonnes has also been suggested^^, and will be used in 
this report. Since this is about 20% of the mass of the 
array, the net area density will, in e^eci, increase tom 
15.8 g/m^ to 1.20 times this, or 19.0 g/m^. This net 
area density will be used to obtain mass estimates for 
other bicycle wheel designs as well. Furthermore, 
since the bicycle wheel SPS built tom lunar materials 
is subject to similar stresses, the same 10-tonne 
supprat structure may suffice for a 2020-meter-diameter 
SPS. (Of course, these support structure masses are 
rough estimates, and should be ccmsidered provisional.) 
This yields a net area density of 63.0 g/m^. Results 
were also obtained for a bicycle wheel design with a 
mirror, an inflatable sphere, as well as SPS's with 
other toquencies and latitudes. The masses of the 
inflatable sphere design were obtained by considering a 
flat array with no tracking loss and multiplying the 
mass by 4 (since the surface area of a sphere is 4 limes 
its cross-sectional area); however, the area density used 
was not corrected for the presence of a support 
structure. Furthermore, the mass of the inflation gas 
was not considered, since it is negligible compared to 
that of the array (even when considering the extra gas 
needed to compensate for leakage)^. For the bicycle 
wheel with mirror, the mirror will need to be sized to 
compensate for the maximum tracking loss. This 
occurs at dawn and dusk, when the Earth and the sun 
will be 90* apart tom the point of view of the SPS. 
If the SPS faces the Earth squarely at those times, it 
will be edge-on to the sun. A mirror at a 45* angle to 
the SPS will therefore be needed. In order for the 
mirror to have the same effective area as the SPS. it 
must be elongated by a factor of I/cos 45* » V2 « 
1.414 along one axis, compared to the SPS. Its area 


will, of course, increase by the same factor. However, 
it may be more practical to maintain the circular shape, 
especially if the mirror is spin-stabilized. Thus, the 
diameter will increase by V2 along the entire plane of 
the mirror. The area will thus increase by a factor of 2 
over that of the SPS. For the purpose of a rough 
estimate, the mirror will be assumed to have the same 
net area density as the SPS. Thus, the system mass 
will be three times that of the SPS itself. Since the 
30% tracking loss will be eliminated, it will have 
1/0.7 or 43% more power, so that its power per unit 
mass is 1.43/3 or 48% that of a bicycle wheel without 
the mirror. This is a system mass increase factor of 
3/(I/0.7) = 2.1 per unit power delivered. If the mirror 
is elongated by >/2 along one axis only, the power per 
unit mass will be 1/[(1 + V2)'0.7] or 59% that of a 
bicycle wheel without the mirror. A peak beam 
intensity of 30 mW/cm^ at the Earth's surface was 
assumed in all cases. 

The results of the size and mass calculations 
are summarized in Table 2. The types of SPS referred 
U) in Table 2 arc bicycle wheel (b.w.), bicycle wheel 
with mirror (b.w.m.), and inflatable sphere (i.s.). The 
first three rows of the table can be thought of as 
reference designs, with the rest of the table included for 
comparison. Note that rows 9 through 11 show that 
the design is only mildly sensitive to latitude (at least, 
for latitudes in which an SPS is practical). Rows 4, 1, 
7. and 8 show that the design is highly sensitive to 
power beam firequency. 

The specific power levels (power per unit 
mass) were computed by dividing the power delivered 
to consumers by the total masses (including a minor 
where appropriate) built from terrestrial materials. 
(Specific power for lunar materials is much higho-, but 
is less of an issue.) Results indicate that frequencies of 
10 GHz and below have the highest specific power, due 
to the higher microwave transmitter efficiencies and 
lesser atmospheric absorption than at higher 
toquencies. The bicycle wheel without the mirror has 
the highest specific power of the three designs 
considered. 

The last two rows in Table 2 show that for a 
bicycle wheel in equatorial low Earth orbit (here, 1200 
km), masses on the order of 0.5 to 1.7 tonnes are 
possible. (Lunar masses are shown for comparison, 
but may not be applicable to low Earth orbit SPS's.) 
These SPS's (or at least, the materials for their 
construction) can be lofted in one launch with existing 
vehicles. The power levels shown are not continuous, 
but are only for times when the satellite "sees" both 
the sun and the rectenna. Continuous power during the 
day can be provided through a combination of energy 
storage at the rectenna site and the deployment of many 
such SPS's and rectenna sites to maximize the power 
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transmission duty cycle. However, even a single such 
SPS, or a small number of them, would be an effective 
danonstradon project 


Table 2: Summary of SPS Sizes and Power Levels 


Type of SPS* 

Frt- 
queucy 
o f 

power 

beam 

(GHz) 

Rec- 

teona 

Lat- 

itude 

Dia- 

meter 

(m) 

Power at 
Earth’s 
surface 
(MW) 

Power 
dellv- 
ered to 

con- 

sumers 

(MW) 

System 
mass 
(metric 
tonnes) 
(terres- 
trial mate 
rials) 

System 

mass 

(metric 

tonnes) 

(lunar 

materials) 

Specific 
power 
(kW/kg) 
to con- 
sumers 
(terres- 
trial SPS 

■HUH 

10 


2020 

153 

109 

61 

202 

1.8 


10 


1850 

182 

130 

153 

507 

0.85'’ 

qhqIIIIIIIIIIIII 

10 

im 

1850 

182 

130 

170 

643 

0.76 


2.45 

35‘ 

4080 

624 

446 

248 

824 

1.8 


2.45 

35* 

3730 

746 

533 

623 

2070 

0.86'’ 


2.45 

35* 

3730 

746 

533 

692 

2620 

0.77 


35 

35‘ 

1190 

36 

26 

21 

70 

1.2 

QQQ||||BH||| 

94 

35‘ 

816 

10.6 

7.6 

10 

33 

0.76 

9. b.w. 

10 

■ 

1850 

128 

92 

51 

169 

1.8 

10. b.w. 

10 


2240 

186 

133 

75 

248 

1.8 

11. b.w. 

10 


2490 

229 

164 

93 

308 

1.8 

12. b.w. (LEO) 

10 


339 

4.3 

fSM 

1.7 

mm 

1.8 

13. b.w.(LEO) 

35 


183 

1.21 


0.50 


1.7 


NOTES: * b.w. s bicycle wheat; b.w.m. s bicycle wheel with mirror; l.e. s Inflatable sphere; 
LEO B Low Earth OrbH (1200 km equatorial); 
unless ‘'LEO" designation is used, all orbhe ere geostationary. 

° b.w.m. masaes are based on a circular mirror with twice the area of the SPS. If the 
mirror Is elongated over one axis only, specific power is approximately 1.1 kW/kg. 
Masses of b.w.m. would thus be 20% leas than shown. 


To find the lemperacure of a low mass SPS. 
the worst-case situation will be considered, namely, 
that the SPS squarely faces sun. (For the inflatable 
sphere, this is always the case.) The contribution hrtm 
the Earth will be neglected for the reasons that follow. 
In near-Earth space, the intensity of sunlight is. as 
slated earlier, S,, = 1373 W/m*. This amount is 
incident over the cross-section of both the Earth and 
the SPS. The Earth's albedo (reflectivity) is roughly 
30% (Ref. 20, page 118). Since the Earth reflects 
sunlight over one hemisphere, which has twice the area 
of the cross-secbon, the flux of reflected sunlight over 
the day hemisphere is 0.30 x 1373 W/m^ / 2 = 206 
W/m^. The remaining 70% of the sunlight incident on 
the Earth will be absorbed and re-emitted as infrared 


over the entire surface area of the Earth. Since the 
surface area of the Earth is 4 limes its cross-sectional 
area, then the flux of inflared radiation from the Earth 
is 0.70 X 1373 W/m^M = 240 W/m^. Thus, the total 
flux of electromagnetic radiation from ihe Earth is 
206 W/m^ + 240 W/m^ = 446 W/m^. However, the 
SPS is in geostationary orbit, 35,786 km over the 
Equator, and the Earth's equatorial diameter is 6378 
km; thus, the SPS is 42,164 km from the Earth's 
center. The intensity of radiation from the Earth must 
be rescaled by the ratio of the area of an Earth-sized 
sphere (equivalent radius 6371 km) to that of a 
gcostationaiy-orbii-sized sphere. Thus, the intensity of 
radiation from the Earth incident on the SPS is 
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446 W/n,^x =10W/,n^ 


which is negligible compared to the energy from the 
sun. In addition, about M% of this energy is infrared, 
the peak of which occurs at about 1 1 |im. Since the 
band-gap of silicon is 1.1 tim^^ a coating for the SF*S 
could be designed to reflect the deep infrared from the 
Earth (and. more importantly, the sun), while still 
absorbing sunlight of wavelengths less than or equal to 
the band-gap. 

To find the temperature of the bicycle wheel 
or inflatable sphere SPS, it will be assumed that the 
entire structure is at a uniform temperature. This is 
reasonable, because it is so thin. For an SPS of 
uniform temperature in equilibrium with its 
environment. 

energy absorbed = energy emitted, so by the Stefan- 
Boltzmann Law. 

aSoAc = 6 oT* A, (8a) 


Rearranging this gives 


T = 




(8b) 


whae 

So = solar constant = 1373 W/m^ (effectively 1304 
W/m^ due to microwave beam) 

T = temperature of SPS 

Ac » cross-sectional area of SPS » area available for 
absorption 

A< s (otal area of SPS - area available for emission 
a = solar absorptivity of SPS 
€ = infrared emissivity of SPS 
9 = Stefan-Boltzmann constant 

= 5.669 X 10-« W/(m2K^). 

The bicycle wheel SPS will absorb sunlight 
over one face, and emit infrared over both faces; thus, 
its ratio Ac/A, a 1/2. The inflatable sphere will absorb 
sunlight over an effective cross-sectional area equal to 
K times the square of its radius. It will emit infrared 
over its entire surface area of 4 r times the square of its 
radius, so Ac/A^ = 1/4. About 5% of the incident 
solar radiation is, in effect, emitted by the array in the 
form of the microwave beam (based on multiplying the 
first seven efficiencies in Table 1 . using a DC to RF 
conversion efficiency of 55%). This is the reason for 
the reduced value of the efleclive solar constant 

Measurements of a and € for amorphous 
silicon on Kapton have not been made, so 
approximations based on the component materials will 
be used (values are from Ref. 22), A silicon solar cell 
I mm thick has a solar absorptivity of 0.938. while 


that of 3 mils (75 pm) of glass on a silicon solar cell 
is 0.925. Thus, a figure of 0.93 will be used for 
amorphous silicon on Kapton polyimide. The two 
materials just referred to have infrared emissivities of 
0.316 and 0.843. Dupont reports a figure of 0.7 for 
0.3 mil (7.5 pm) of uncoated Kapton. This figure will 
be used for amorphous silicon on Kapton. because it is 
similar to that of the average of two types of silicon 
solar cell, and it is unlikely that the combination of 
mataials will differ significantly from the substrate or 
the coating. Putting these figures into Equation 8b 
results in a temperature for a bicycle wheel SPS of 352 
K (78’C). The temperature for the inflatable sphere 
SPS is 296 K (22*C). 

The solar absorptivity and infrared emissivity 
of aluminum foil coated with 10 pm of silicon will 
serve as an approximation to the SPS made from lunar 
materials, since figures for amorphous silicon on steel 
foil were not available. These numbers are 0.522 and 
0.12. respectively. Substituting the appropriate 
constants into Equation 8b gives 473 K (200'C) for 
the bicycle wheel SPS and 398 K (I25’C) for the 
inflatable sphere. 

The inflatable sphere has an advantage over 
the bicycle wheel in terms of the temperature for 
SPS's made of either terrestrial or lunar materials. 
Terrestrial materials yield better (i.e., cooler) 
temperatures than lunar materials. The temperatures 
for the latter are high enough to affect the efficiency of 
the solar cells, so developing high-infrared-emissivity 
coatings may be worthwhile, even if there is some 
mass penalty. However, it must be noted that these 
conclusions are tentative, due to the approximate 
nature of the thermal properties used. More definitive 
results must await experimental measurements on the 
thermal properties of thin-film solar cells. 


The 10 GHz designs from Table 2 can be 
viewed as new reference designs and compared to the 
NA5AA/S DOE reference designs. Ref. 3 discusses 
two such designs; one using crystalline silicon solar 
cells; the other using gallium aluminum arsenide solar 
ceils. Their masses are 51,000 tonnes and 34,100 
tonnes, respectively. Both consist of a 5 x 10 km 
rectangular solar array with a 1 km circular antenna 
array. Both provide 5(K)0 MW of power. This gives a 
^)ecific power of 0.098 kW/kg for the Si version and 
0.15 kW/kg for the GaAlAs version. Comparing this 
with Table 2 shows that the thin-film SPS represents 
an improvement in power delivered per unit mass of 5 
to 18 times. Even if the bicycle wheel version 
(without the mirror) were to double in mass (due, say, 
to the addition of thrusters, or a more massive support 
structure), it will still be six limes lighter (per unit 
power delivered) than the lighter of the two NASA/US 
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DOE reference designs. Fimhermore, this still leaves 
enough leeway for the addition of a reflecting mirror. 
As seen in Table 2, the bicycle wheel with mirror and 
the inllatable sphere each re^iuire more mass per unit 
power delivered than the bicycle wheel without the 
mirror. This may be an acceptable price to pay for a 
more steady supply of power. However, while the 
bicycle wheel with minor compares favorably with the 
infiaiable sphere in tenns of mass, the complexity and. 
possibly, the fuel required to keep the mirror co* 
orbiting with the solar array may render it unfeasible. 
It may be subject to an additional loss due to the 
difficulty in keeping the mirror optically flat Designs 
using lunar materials are substantially heavier than 
those using terrestrial materials, but still represent an 
improvement over conventional SPS's. The decision 
of whether to use terrestrial or lunar materials will 
dep)end on global energy requirements, launch costs, 
and the cost of building and operating a lunar 
infrastructure. 


Advanced Applications 
Solar Power Stadte 

A limitation of geostationary communication 
satellites is their infeasibility for use at higher 
latitudes. Their "descendants," solar power satellites, 
will suffCT from the same problem. A commonly-used 
method for circumventing this limitation is the use of 
inclined orbits, such as Molniya orbits. Several 
satellites are necessary for continuous coverage, and 
they must be tracked by the grt^d stations. Recently, 
another method for transmitting signals to high 
latitudes has been proposed by Forward^. A spacecraft 
based on solar sail technology could be held aloft 
“above" a high latitude by balancing solar radiation 
pressure against the Earth's gravity. Such a spacecraft 
is referred to as a "statiie" in Ref. 23. It would not be 
in orbit, but in static equilibrium at a distance of 30- 
2S0 Eanh radii from the center of the Eayrth at 45* to 
60* latitude. It will actually be stationary with respect 
to the Earth-sun system, not the Earth itself, which 
will rotate "beneath" it It will thus appear to rotate 
around the polar axis once a day. It is a straightforwazd 
matter to track it, because it would be visible 
continuously. Due to its great distance, the radio delay 
time will make it feasible only for broadcasts or data, 
not for real-time convosadons. 

The statite concept is appropriate for 
supplying power as weU. The transmission delay time 
is not relevant fex* a "solar power statiie." Forwaid has 
shown that equilibrium statiie positions exist for sails 
with area densities of up to 10 g/m^, and perhaps 
more. The bicycle wheel SPS may have an area 
density of 19 g/m^, so it is possible that it could be 
held aloft by solar radiation pressure if it is far enough 
from the Earth. If necessary, the average area density 


could be decreased by attaching some thinner (non- 
pholovoltaic) reflective sail material to the outer edge 
of the SPS. This may also be necessary to give the 
SPS some reflectivity, so that the net solar radiation 
force is directed in the opposite direction from the 
Earth's gravity. 

Lunar Power System 

The Lunar Power System (LPS)^^ is related 
to the SPS, but would beam power from solar 
collectors on the Moon to the Eanh. Microwave 
reflectors in Earth orbit would be needed to supply 
power to the side of the Earth from which the Moon is 
not visible. Thin-film technology may be used for 
either the lunar component or the Earth-orbiting 
component. The lunar component would be 
inexpensive to manufacture, since it would consist of 
large rolls of material, rather than panels. (This may 
even be a precursor to more advanced applications, 
such as easily deployable solar cells for a Mars base.) 
If the microwave reflectors can be made thin enough, 
then some of them could be operated as staiiies. 

Light Sail Probes 

Solar (or light) sail ptxspulsion has been under 
consideration for many years. Near-term designs could 
be propelled by the pressure from sunlight. In the 
long term, lasen might be used to supply the thrust. 
Usually, highly reflective sails are considered, since 
they would have greater thrust than absorptive 
materials. However. Ponex and Matloff^ have shown 
that the bicycle wheel SPS can be operated as a 
photovoltaic light sail. Although the thrust is not as 
high as a reflective light sail, the photovoltaic cells 
could be used to supply power for microwave 
communication from great ^stances to small receiving 
antennas on the Earth. The power available can even 
be used to operate an ion thruster. The microwave 
beam can be steered electronically, allowing for some 
degree of steering of the sail. If microwave receivers 
can be integrated into the sail, it can function as a radio 
telescope. 


Conclusions 

The results shown above indicate that the 
reference designs for a thin-flim SPS should be based 
on a power beaming frequency of approximately 10 
GHz. Lower frequencies may be desirable if larger 
SPS's are required. Higher frequencies may make 
possible a "mini-SPS," which can serve as a 
demonstration projecu or be used to supply power to 
small, remote villages in areas with little rainfall. The 
precise frequency to be used will depend upon 
regulatory requirements. A bicycle wheel design 
without a minor may be the simpl^t in the short run. 
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and it has the highest specific power of the three 
designs coitsidered. However, its variation in delivered 
power during the course of its orbit may make it more 
difficuil to integrate into existing pow^ grids. Adding 
a reflecting mirror would alleviate this problem, but at 
a cost of extra mass and the added complexity of co- 
orbiting the two structures. Thus, the inflatable sphere 
SPS may be more feasible in the long run. because it 
is mechanically simple, has no cosine tracking loss, 
and dissipates heat better. 

A major issue in the deployment of ihin-nim 
SPS’s is the use of lunar versus terrestrial materials. 
It is likely that terrestrial designs will prove useful in 
the short run, allowing thin-nim SPS’s to be deployed 
before a lunar infrastructure is built. In addition, 
approximate analysis shows that thermal properties for 
terrestrial materials are better. Due to the large number 
of SPS's that may eventually be needed, combined 
with the need to replace aging SPS’s, a lunar 
infrastructure may eventually become necessary. This 
decision may also depend on whether or not a 
transition to a lunar power system is planned. 

In addition to the lunar power system, other 
applications of thin-nim technology include solar 
power statiles and light sail space prob^. 

To date, thin-film solar cells have been 
produced at manufacturing volumes far below that 
required for SPS construction. The substrates 
commonly used are thicker than those discussed here. 
Furthermore, there has been little or no research in 
integrating solid state microwave transmitters onto the 
same substrate as thin-film solar cells. However, the 
promise of thin<rilm technology, combined with future 
world energy needs, suggests that it is worthwhile to 
develop manufacturing technologies which would 
allow ihin-film solar cells and solid state microwave 
transmitters to be deposited on lightweight substrates 
and ixoduced in large quantities. 
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ENERGY AND INFORMATION FROM ORBIT: 
TECHNOLOGIES FOR THE GREENHOUSE CENTURY 
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[Uncorrected manuscript. From Solar Power Satellites: A Space Energy System for Earth, 
edited by Peter Glaser, Frank Davidson, and Katinka Gsigi. Copyright © 1997 by Praxis 
Publishing, Ud., CTuchester, West Sussex, England; in press.] 

Where there is no vision, the people perish. - Proverbs 29:18 

INTRODUCTION 

One of the most ingenious global scale energy technologies studied during the 
Energy Crisis of the 1970s was the solar power satellite (SPS). As conceived in 
1968 by Czech-American engineer Peter Glaser, the SPS would collect solar 
energy from photovoltaic arrays some 50 square kilometers in area deployed 
in geostationary orbit (GEO), and beam power to the Earth's surface by 
microwaves for distribution by conventional electric utility grids (Glaser, 
1968; Koomanoff and Bloomquist, 1993). 

Important as this pioneering concept was, it is now clear that power from 
space can be achieved by technologies as diverse as those of, say, heavier-than- 
air flying machines: technologies that differ from each other in detail as much 
as the Concorde differs from the Wright Flyer. But just as any aircraft design 
must obey the principles of aerodynamics, space power systems too are 
constrained by physical laws. Figure 1 shows some of the physics of 
electromagnetic wave propagation that bear on space power. Figure 2 
illustrates three generic system concepts proposed thus far employing space- 
based components to provide electric power on Earth; and Table 1 
summarizes parameters specific to the DoE/NASA Reference Design of 1970s 
based on the original Glaser proposal. 

A fundamental advantage of SPS is that solar collectors in sufficiently high 
orbits are exposed to roughly ten times the long-term average solar flux per 
unit area as those on the surface. Accordingly, any system that can deploy and 
maintain orbiting collectors and transmit their energy to ground stations at 
less than ten times the cost of ground-based solar cells has the potential to be 



218 


- 2 - 


cost-effective relative to terrestrial solar electricity. Also, because of the high 
efficiency of microwave transmission to the surface, the microwave antenna 
ground stations can deliver more electricity per unit land area than surface 
renewables (Strickland, 1996) — an important factor in land-limited 
developing nations. The devil is in the details. For reasons discussed below, 
funding for SPS by government R & D agencies evaporated in the US in the 
late 1970s. And only recently has the Space Power option begun to be 
reexamined by NASA (SAIC, 1995). 


TABLE 1. SPS Reference Design of the DoE/NASA program of the 1970s 
(Koomanoff and Bloomquist, 1993). 

Total number of SPS 

60 

Single SPS power [GW] 

5 

Solar cell panel size [km] 

5 X 10 

Transmitting antenna diameter [km] 

1 

Single SPS mass [10* kg] 

30-50 

Specific power [kW/kg] 

Ground receiving system size at 35 

0.1 - 0.2 

degrees latitude [km] 

Density of power radiation in the center 

10x13 

of transmitting antenna [kW m-7 ] 

Density of microwave power in the center 

30 

of the ground receiving system [W m'2 ] 

Capital investment for 20 year development period 

230 

inducting the first SPS laimch [$ bUlion] 

110 - 120* 

Cost of each following SPS [$ billion] 

11-12 

SPS operation time [years] 

30 

Period of SPS economic return [years] 

• Or $25 billion without cost of the development and 
construction of special launch systems. 

6 


The Geostationary SPS concept was (and is) elegant; a ring of such Solar 
Power Satellites in equatorial orbit could power human civilization 
indefinitely. But even if the engineering feasibility of a GEO SPS could be 
established credibly it difficult to imagine the financial environment that 
would permit such systems to be built in the coming decades. This is partly a 
consequence of the physics underlying the geostationary Glaser concept: The 
36,000 kilometer orbital altitude; the 12 centimeter microwave wavelength 
(corresponding to the 2.45 GHz frequency where there is an atmospheric 
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window and well-understood technologies to generate the microwave beam); 
and the physics of electromagnetic wave diffraction. Collectively, these 
mandate a very large transmitter antenna in space and large recteimae on the 
ground to maintain reasonable power transmission -- roughly, one and ten 
kilometers in diameter, respectively, for the Reference Design of the 1970s. 
The orbiting solar collector array in GEO must also be huge to provide cost- 
effective areal power densities in the beam, although the Cost of Electricity 
(COE) might be reasonable - always assuming that space transportation costs 
from the Earth or from the Moon are reasonable. 

But regardless of the COE in cents per kilowatt-hour produced by the system, a 
project of this magnitude simply boggles the mind. Too much is at risk to 
hazard it as a first step. This was understood by Peter Glaser himself, who 
argued for a terraced approach, leading over time to the geostationary SPS. An 
even more practical system would be profitable in the early stages as well as 
later (see below). But this was not explored. Once the Energy Crisis of the 
1970s was over, funding for SPS evaporated — apparently under the 
assumption that if the Reference Design was unfeasible then it was 
unreasonable to support any research on Space Power. The decision to drop 
support for Space Power in general turned the field into a cottage industry for 
the few "keepers of the flame". 

Still, the emergence of innovative technologies and products in the 
marketplace can be triggered in unexpected ways by evolving commercial 
infrastructures — consider, for example, the explosive emergence of the 
World Wide Web once the Internet established its ubiquity. 

We argue here that a similar windfall for SPS could open up by exploitation 
of constellations of global communications satellites currently being planned. 
Strategically targeted research now by NASA and DoE could lead to second 
generation SPS systems that could be economically viable in the near term by 
integrating the space power and communication functions. Environmental 
bonuses of this technology are reduced global warming from fossil fuel 
burning, reduced biodiversity loss from excessive land use characterizing 
most terrestrial renewable energy sources, and more sustainable economies in 
general in the developing nations of the tropics. 


CARBON-FREE POWER FOR THE GREENHOUSE CENTURY 
On considering the slim menu of greenhouse-free energy sources capable of 
powering a global 21st century economy, our Earth Systems Group at New 
York University has focused on solar power satellite (SPS) systems beyond 
those pioneered by Peter Glaser - a class of technologies largely neglected by 



funding agendas since the DoE/NASA Study of the 1970$ Energy Crisis. At 
this point otu research priorities are technology and systems studies leading 
to greenhouse-free SPS technology demonstrators oriented toward Third 
World energy demands, possibly incorporating integrated solar collector and 
microwave antenna elements on thin film sutetrates. 

Our studies identified the following issues as major: (1) synergies with 
constellations of communications satellites, (2) access to space costs as a 
fraction of the levelized cost of electridty (COE), (3) development of low-mass 
inflatable satellites, (4) environmental costs of fossil fuel burning implied by 
the UN Climate Convention and (5) the demographic facts of life in 
developing nations. All of these can, in our view, drive the development of 
Space Solar Power- perhaps by free market entrepreneurs. A bibliography of 
relevant NYU publications is given at the end of the text along with a list of 
other sources dted here. 

Most of the energy demand (and carbon emissions) in the next centtuy will 
come from developing nations. Mid-range projections by the 
Intergovernmental Panel on Climate Change (IPCC) ba^ on United Nations 
data show 95% of population growth and 75% of carbon emissions growth by 
the year 2025 coming from developing countries (Leggett et at, 1992). By the 
middle of the next century the human population will be 10 billion of which 
less than 15% - some 1.4 billion people — will live in presently developed 
countries and 8.7 billion will live in developing countries. Apart from 
growing energy demand, the developing nations, which are primarily in the 
tropics, will experience inexorable pressure on their land resources to feed 
their growing populations — precisely the reason environmentalists fear 
tropical deforestation and biodiversity loss in the Third World. 

Ground-based renewable energy systems like terrestrial photovoltaics and 
biomass fuels provide relatively low areal energy density — typically less than 
10 watts electrical per square meter (continuous). This could significantly 
divert land use from agriculture and natural ecosystems, and hence 
contribute to global environmental degradation. Orbitally-energized SPS 
microwave rectennae should be able to provide 100 watts electrical perimeter 
continuously, even accounting for reasonable microwave power safety 
margins at the rectenna perimeter (Strickland, 1996). Whether a factor of ten 
reduction in land use requirements compared with (say) terrestrial PV cells 
can be achieved is a researchable issue, and could be critical for the viability of 
space power. 

It is important to factor in the cost of transmission and storage of inherently 
intermittent renewables in computing the cost of electricity (COE) — costs 
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which are often ignored in analysis of small-scale renewable electricity on 
grounds that existing power grids provide “storage". Neglecting transmission 
and storage costs of ground-based renewables is clearly inappropriate when 
the prime power supply is intermittent. Considering all of these factors, 
electric power from orbit from a constellation of satellites in LEO looks rather 
attractive. But remarkably. Space Power seems to have dropped off the table 
in discussions of mitigating the environmental effects of fossil fuel burning. 


THE REEMERGENCE OF SPS 

It is illuminating to compare near-zero funding for SPS over the past fifteen 
years with the forty years of continuous funding for controlled 
thermonuclear fusion stimulated by lobbying by the plasma physics and 
weapons communities. Without a power-generating fusion reactor in sight, 
the Clinton administration in 1995 requested $350 million for magnetic 
fusion research this year in the DoE budget. (The House of Representatives 
cut this to $220 million — still, $220 million more than SPS.) The equivalent 
of tens of billions of present-day US dollars have already been spent 
worldwide on the fusion power enterprise. 

Without minimizing the difficulty of fusion engineering — reactions 
quenched by anomalous plasma diffusion, destruction of containment walls 
by neutron bombardment, magnetic field stresses, etc. — we cannot help 
wondering what progress might have been made toward a global-scale 
nonfossil fuel energy source had even a fraction of this investment been 
made in Space Power. Interestingly, controlled thermonuclear fusion, the 
only competitor to SPS on the horizon as a long-term baseline electricity 
provider for human civilization, also has problems of first cost - with current 
estimates projecting very large and expensive Tokamak power reactors 
(Furth, 1990). 

One of the ironies of fusion versus SPS funding is that wireless power 
transmission (WPT) is so easily demonstrated compared with fusion. This 
was illustrated by a "pocket WPT" demo at recent conference in Kobe, Japan. 
The demo was simple light emitting diode (LED) wired across a small diode, 
with the leads of the diode sticking out as a dipole. The LED lit when held 
near the door latch of a microwave oven. The point was not to demonstrate 
any great technical feat, but as a simple reminder that to demonstrate fusion 
one needs a Tokamak, but to demonstrate WPT, a tiny pair of diodes and a 
common appliance are enough. 

Some thermonuclear neutrons have been produced in laboratory plasmas 
from fusion reactions at great expense by magnetic confinement. But plasma 
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instabilities have thus far prevented confinement for long enough to extract 
usable energy at a practical level. And recent estimates of plasma turbulence 
suggest that the proposed $10 billion International Experimental Reactor 
(ITER) designed to show that fusion can be a practical energy source is 
problematical (Glantz, 1996). The truth is that outside of hydrogen bombs 
detonated by uranium or plutonium nuclear fission explosions the liberation 
of fusion energy for practical purposes remains a distant prospect. 

We are not arguing against continued fusion research. Humankind in the 
next century will require every carbon-free energy source that can be 
mustered. Rather we wonder how future historians will reckon the costs of 
not developing Space Power when it might have been technologically feasible 
to do so. There is always a cost when one gives up too early or when a 
potentially promising idea is not explored for lack of a champion. That Space 
Power is not yet on the official menu of 21st Century energy options has 
already lead to some misguided analysis. 

For example, when the National Academy of Sciences recently considered the 
mitigation of global greenhouse wanning they didn't include Space Power as 
an option at all; although they did consider certain advanced technology 
approaches based on planetary-scale "geoengineering" (NAS, 1992). One 
geoengineering scheme was Space Mirrors deployed at the first Lagrangian 
point (LI) of the Earth-Sun system. The Mirrors would block incident 
sunlight and thereby compensate for global warming by CO 2 emissions. 

Indeed, the NAS panel estimated Space Mirror costs in their "low cost" range 
(less than $9 per tonne CO 2 emissions avoided). However, the cost-pacer of 
virtually all space systems is access to orbit, a situation NASA is working hard 
to improve. Whereas the NAS considered a range of nonfossil energy 
alternatives — nuclear, hydroelectric, geothermal, solar photovoltaic, solar 
thermal, wind and biomass — they did not examine greenhouse-free Solar 
Power Satellites, which may have comparable masses and space 
transportation costs to Space Mirrors — but unlike Space Mirrors, Space Power 
produces economically valuable electricity in addition to displacing CO 2 
emissions. Were the value of power produced by SPS charged against their 
cost, the result would likely be a cheaper solution than cooling a fossil-fueled 
Earth with Space Mirrors. In principle, the net costs in $ per tonne of CO 2 
displaced could be near zero or even negative. 

A study organized by John Mankins of NASA's Office of Space Access and 
Technology presently underway (SAIC, 1995) is the first reexamination of 
Space Power by a US government agency since the National Academy of 
Science report fifteen years ago (NAS, 1981). This is appropriate, as access to 
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space is a major cost-pacer. We would hope that the mitigation of global 
warming and the importance of economic growth of developing nations — 
both of which are recognized by the US in the Rio Climate Convention — will 
be factored into the analysis. 

Despite the funding desert in the US for SPS research since the 1970s, work 
has continued elsewhere. In contrast to much US thinking that the Climate 
Convention will restrain economic development, the Japanese tend to treat it 
as a business opportunity. For example, Japan’s Ministry of Technology and 
Industry (MITI) "New Earth 21” program views Space Solar Power as "an 
essential part in the proper control of CO 2 levels and in sustainable 
management of Earth's environment" — carbon-free electricity being a 
commodity that can be profitably marketed worldwide. The SPS 2000 "straw 
man" designed by Japan's Institute of Space and Astronautical Science (ISAS) 
and supported by MITI is a kite-like orbiter 1100 kilometers above the equator 
with gravity-gradient stabilized transmitting antennae on the Earthward face, 
and solar collectors on spaceward triangular faces (Figure 3). SPS 2000 was 
specifically designed to demonstrate microwave power beaming of orbitally- 
collected solar energy to receiving stations in the topics — the latitude zone of 
developing nations. 

Despite the best efforts of energy conservationists and advocates of terrestrial 
renewable energy (Johansson et al., 1993), there is a growing consensus that as 
yet unidentified carbon-free energy sources will be needed in poor, mainly 
tropical, countries. Jose Goldemberg, former Minister of the Environment of 
Brazil and strong advocate of renewable energy in the developing world, 
recently concluded that "the simplistic idea that energy conservation and the 
enhanced use of renewables could solve the world's sustainability and 
environmental problems, particularly those of the developing countries, by 
the year 2020 is entirely unrealistic. All source of energy will be needed... The 
alternative for developing countries would be to remain at a dismally low 
level of development which, ironically, would generate additional, serious 
political problems and an unchecked population growth that would aggravate 
the problems of sustainability" (Goldemterg, 1985). 

There may be no "magic bullet" to solve this problem. But we believe that 
constellations of solar power satellites in low earth orbit incorporating low- 
mass thin film technology could play an important role. We are exploring a 
scenario in which the US computer and communication industries already 
committed to high bandwidth multimedia communication satellites is 
stimulated by NASA research to evolve a new electric-power-from-space 
industry fostering sustainable development. This need not involve NASA 
second-guessing the marketplace. Rather, the system would emerge as a free 
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market fallout of government research in the way that commercial jet 
airliners, computer chips and the Internet did. 


SECOND-GENERATION SPS TECHNOLOGIES 

One of the more interesting insights to emerge from the new science of 
complexity is that biological and technological systems often evolve by 
employing building blocks of pre-existing systems in innovative ways. An 
example cited by John Holland of the Santa Fe Institute is the internal 
combustion engine, composed of parts used in earlier technologies 
recombined in a way that led to a whole new transportation system. 
Similarly, the infrastructure of a twenty-first century space power industry 
could emerge from global communication components — satellite 
constellations, microwave transmitters and receivers, ground stations and 
control systems — reconfigured to provide the power transmission function. 
Such hybrid systems might be the most cost-effective way to test and exploit 
the technologies of a nascent space power industry. 

The most recent review of SPS technology prior to the present NASA study 
was the Summer 1992 Study by the International Space University in 
Kitakyushu, Japan (ISU, 1992). Among other things, Stewart Nozette of the 
Strategic Defense Initiative Organization (SDIO) made a presentation to this 
study arguing that a constellation of satellites in LEO employing technology 
and architectures developed in the SDI program could provide Space Power at 
relatively low entry costs. Since development costs have already been borne 
by the SDI program, the collapse of the Former Soviet Union provides an 
opportunity to reap a high technology "peace dividend" for Space Power - if 
the technology works as advertised; and if it can be adapted appropriately. 

Although Space Power as an SDI spin-off didn’t fly (literally or figuratively), 
Nozette later became project scientist on the Clementine Mission, which 
obtained the first close-up images of the Moon since Apollo using a spacecraft 
employing miniaturized sensors developed by SDI. Although Clementine 
was primarily a Department of Defense project, not a NASA one, it may have 
been the first mission simpatico with the mantra of NASA Administrator 
Dan Goldin; "faster, smaller, cheaper, better." A pleasant surprise revealed by 
Clementine radar data is the strong indication of hitherto undiscovered water 
ice near the Moon's south pole (Nozette et al., 1996). If this lunar ice discovery 
stands up, it can have major implications for future utilization of lunar 
resources, with application to both SPS and Lunar Power Systems (Criswell 
and Waldron, 1991). 
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Nozettes SPS design examples featured a distributed power satellite 
constellation at 1200 kilometer altitude, whose circular orbits inclined 50 to 90 
degrees to the equatorial plane would provide global coverage. The satellites 
were large, deployable, inflatable/rigidizable spheres or cylinders, lightweight 
but large in surface area - a Macys Thanksgivings Day parade of floats. Solar 
energy is collected by thin-film amorphous silicon bonded to the surface of 
these balloon-like orbiting structures. Two means of transmitting energy to 
the surface were considered: (1) Near-infrared lasers beaming to photovoltaic 
cell receivers and (2) microwave phased-array transmitters beaming to 
rectennas. These are second generation SPS system concepts incorporating 
several technological innovations since the DoE/NASA Reference Design of 
the 1970s. 

For example, our NYU group previously proposed ground-to-space 
microwave power beaming to energize satellite constellations. Among other 
things, we studied the sensitivity of groimd-based powerbeam accessibility to 
orbital altitude and number of satellites. A similar issue arises in transmitting 
Space Power to the ground (with transmitter and receiver reversed) because 
electrical energy requirements tend to be continuous. 

Another important concept is the inflatable, thin-film solar power satellite 
with surfaces covered by integrated solar cell-microwave transmitter 
elements, originally proposed by Geoffrey Landis and Ronald Cull of NASA 
Lewis Research Center (Landis and Cull, 1991). Subsequent analyses have 
been conducted at NYU of spacecraft made from thin-film materials deposited 
on lightweight flexible substrates. The next step is to fabricate such a material 
and test it, perhaps first as a balloon in the atmosphere and eventually in 
space. 

Balloons in space are an old story. Echo I was a balloon employed as an early 
communication satellite to bounce radio waves back to Earth. Inflatables may 
also be adaptable in some version as power relay satellites. An interesting 
variations on the inflatable theme is the Power Bubble of Marshall Savage, an 
orbiting mylar balloon with one hemisphere transparent and one coated with 
an aluminum layer. Light entering the balloon through the transparent 
hemisphere reflects off the metalized hemisphere and converges in an area 
along the focal axis. The concentrated sunlight can be used to produce 
electricity by a steam turbine (Savage, 1994). 

The feasibility of inflatable structures in space for antennae, sunshades and 
solar arrays is under study by NASA; albeit not yet in an overtly SPS context. 
Still, an important experimental milestone was the deployment by Space 
Shuttle Endeavour astronauts on Monday, May 20, 1996 of the Spartan 
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Inflatable Anteima Experiment (lAE) — a 14 meter diameter antenna inflated 
by a nitrogen gas canister in orbit (Figure 4). The antenna was developed by 
L'Garde Inc., of Tustin, CA, a small aerospace business, in collaboration with 
the NASA Jet Propulsion Laboratory (JFL), of Pasadena. 

The deployment dynamics and flight of the L'Garde/JPL Inflatable Antenna 
Experiment provided spectacular video clips for viewers of TV news, and 
subsequently, for Web Surfers. But such experiments also have important 
implications for thin-film inflatable SPS constellations of the type we 
envision. It is not such a very large step from the Shuttle Endeavour LAE tests 
to Space Power satellites assembled in orbit from inflated segments. In the 
Endeavour test, an optical system surveyed the antenna and measured the 
accuracy of the inflated surface at a variety of internal pressures and thermal 
conditions, thereby providing data for phased-array antenna and surface- 
bonded PV cell applications. All research involves risk. But were NASA to 
prioritize inflatable space structure research, the knowledge base to make cost- 
effective low-mass power satellites could evolve rapidly. Given the history of 
the last forty years, this is at least as good bet as controlled fusion. And the 
payoff to the economy and global envirorunent could be huge. 


THE COMSAT CONNECTION 

Commercial Space Power will become a reality only if it can attract venture 
capital and succeed a business. This will require an infrastructure of space 
operations conducive to this technology. Such an infrastructure is currently 
under development by entrepreneurs plarming to deliver vast amounts of 
information worldwide using satellite constellations in LEO. We are 
presently exploring the possibility of developing such an infrastructure by 
combining high bandwidth telecommunication satellites with microwave 
power beaming. 

We have, for example, computed that an inflatable thin film SPS 150 meters 
in diameter in a 200 kilometer orbit exposed to the solar constant (1360 
watts/meter squared) could produce an areal power density of roughly 100 
watts electrical per meter squared on the ground by transmitting a diffraction- 
limited microwave power beam at 2.5 GHz using the satellite surface as an 
aperture. A similar system designed for 35 GHz could produce the same 100 
W/meter-squared with an approximately 50 meter diameter satellite, 
although the total power collected would be correspondingly less. Continuous 
power output at 100 W/meter-squared level for transmission to a grid, or as a 
power supply to remote villages in the tropics, will require satellites 
transmitting energy space-to-space from light to dark parts of low earth orbit; 
and powerbeams locking onto surface rectennae as they overfly ground 
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stations. However, very similar networking and transmission problems exist 
for satellite communications constellations; so there is a strong motivation to 
uevelop a unified approach. 

The electromagnetic wave equations of Maxwell imply the possibility of 
broadcasting (or narrowcasting) both energy and information. It is well 
known that Nikola Tesla pioneered the present system of alternating current 
(ac) electric power transmission lines, prevailing only after a bitter 
commercial battle with his opponent Thomas Edison who favored direct 
current (Cheney, 1983). But Tesla's dream was wireless power transmission. 
He conducted experiments in Colorado Springs (and elsewhere later) near the 
turn of the century to explore this goal. As the technology of radio and TV 
evolved it became clear that broadcasting radio waves is a bad idea for power 
transmission (because the energy dissipates as it radiates from 
omnidirectional antennae) but a good idea for information transmission 
(because power level is less important than ability to carry information by 
modulating the amplitude or frequency of a carrier wave). But these 
conclusions only apply to the radio wave band of the spectrum. The ability to 
create electromagnetic radiation at microwave and higher frequencies opens 
up new possibilities; Firstly, more data can be transmitted per unit time (more 
bandwidth); and at the same time the beam can be focused electronically, as in 
a phased array radar beam. 

High bandwidth telecommunication channels are routinely employed in 
cellular telephone networks. Current plans for satellite-based wireless 
communication include microwave traitsmission frequencies of 30-40 and 2.5 
GHz - the same spectral bands currently under consideration for space power 
beaming (Zysman, 1995). 

Rather than interfere with each other, space power and communications 
functions could be performed synergisdcally. Microwave power beaming was 
demonstrated as early as 1975 by experiments at the Venus site of the Jet 
Propulsion Laboratory Goldstone facility where 30 kW of direct current power 
was obtained 1.6 kilometers from a parabolic dish transmitting at 2.45 GHz 
with an efficiency of 84% by a rectifying antenna (rectenna) invented by 
William Brown. Projecting power and/or data along a miaowave beam line- 
of-sight is well within the state of the art although microwaves do not 
penetrate very deeply into the Earth. To transmit over significant distances on 
the Earth's curved surface one must ascend to orbit. 

Fifty years ago Arthur C. Clarke saw the potential of geostationary orbit for 
global communication (Clarke, 1945). He considered the idea, but did not 
apply for a patent because the pre-Sputnik world was technologically unready 
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to put anything into LEO, let alone GEO. Twenty years later. Early Bird, the 
first commercial geostationary communications satellite, was launched. And 
since then Comsats exploiting the fixed relationship of satellites and ground 
stations to link up the Global Village have become ubiquitous features of late 
twentieth century life. Indeed, communication satellites are the example 
usually dted of successful commercial ventures in space. However, if one can 
field enough satellites it becomes advantageous to use LEO, since beam 
spreading by diffraction is less and power more efficiently focused. 

At this point in time — and for reasons similar to those leading us to advocate 
LEO constellations for Space Power — plans have been made by entrepreneurs 
to deploy constellations of communications satellites on a vastly expanded 
scale in the near future (Foley, 1995; Ropelewski, 1996). TABLE 2 summarizes 
the status of large LEO systems proposed by U.S. corporations alone. 


TABLE 2. Status of large Low Earth Orbit communication satellite systems by 
U.S. corporations as of November 1996 (Ropelewski, 1996). 

Satellite 

System 

No. of Sats. 
(altitude) 

Orbit 

Characteristics 

Estimated 

Cost 

Licensing 

Status 

Motorola 

(Iridium) 

66 

(780 km) 

6 orbital planes indined 
86.4^ (11 satelUtes/plane) 

$3.8 billion 

granted 

TRW 

(Odyssey) 

12 

(10, 344 km) 

3 orbital planes irvdined 

5QP (4 satellites/plane) 

$1.8 billion 

granted 

Loral/ 

QUALCOMM 

(Globstar) 

48 

(1,414 km) 

8 everUy ^ced orbital 
planes inclined 525* 

(6 sateilites/piane) 

$13 billion 

granted 

Const Comm. 

(Aries/ECCO) 

46 

(2,000 km) 

7 orbital planes inclined 

62^ (6 satelUtes/plane) 

$1.7 biUion 

pending 

Mobil 16 

Comm. (520-7^46 km, 

(EUipso) 8/)68 km equator) 

2 elliptic planes indined $564 million 

116.6® (5 sateilites/piane); 

1 equatorial plam (6 satellites) 

pending 

Teledesic 

840 

(700 km) 

21 orbital planes indined 
98.2® (40 satelUtes/plane) 

$9 billion 

pending 
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Clearly, the perceived value of the bits per second flowing though LEO 
communications satellites to global markets is high enough to make these 
systems attractive to investors today ~ even with presently high satellite 
launch costs. 

As presently conceived, information will be relayed by these satellites digitally 
encoded as analog modulations of microwave carrier waves (Gagliardi, 1991), 
although there are competing modulation schemes designed to optimize 
scarce spectral bandwidth (Ropelewski, 1996). It is also widely recognized that 
the electromagnetic spectrum allocated to these applications is itself an 
economic bonanza, for which there is intense competition, and which may 
have to be purchased in the future. Still, the large-scale expansion of global 
satellite communications systems is seen by Wall Street as a plausible 
investment, particular when it is assumed that economies of scale will drive 
access to space costs down. 

The energy to put a given mass into LEO is surprisingly low: some 10 
kilowatt-hours per kilogram of payload. This is about the same as the energy 
per unit payload to fly across the US by commercial airliner, although the 
present cost of space flight is a thousand times higher. Two reasons that 
spaceflight is so expensive is the army of engineers and scientists required for 
a successful launch and the fact that much of the launch vehicle and/or 
tankage is thrown away each flight. Aware of this issue, NASA has studied 
ways to reduce launch costs by at least a factor of ten from the present $22,000 
/kg of the Space Shuttle (NASA, 1994). 

The result was a NASA-sponsored competition among aerospace contractors 
for a next generation Single-Stage-to-Orbit (SSTO) vehicle with the potential 
for airline-like operation. The winner was Lockheed Martin Skunk Works, 
legendary innovators in aircraft design from the U-2 to the Stealth Fighter 
(Rich and Janos, 1994), who plan to first build and test the $1 billion wedge- 
shaped reusable X-33 — a one half size, one eighth mass, version of an 
eventual SSTO Space Shuttle replacement dubbed Venture Star. Figure 5 
shows an artist's conception of Venture Star deploying a satellite from its 
payload bay, and compares the NASA X-33, the SSTO Shuttle replacement 
with the present Shuttle. The goal costs of $2,200/kg for Venture Star are 
oriented toward the global satellite communications systems; but they also 
have the potential to make Space Power cost effective, particularly in 
integrated power/communications satellites. 

On the satellite side. The Teledesic Corporation of Kirkland, Washington, 
created by Craig McCaw (Mobile Telecommunications Technologies) and Bill 
Gates (Microsoft) plan to spend $9 billion to deploy a 840 satellites in 700 
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kilometer high orbits beginning in the year 2001 to deliver telephone, video 
and computer data to the entire world (Stix, 1994). The Teledesic system, 
illustrated in Figure 6, is the most ambitious of many such proposals that 
have emerged (TABLE 2). Regarding Teledesic, Nobel laureate Amo Penzias, 
former chief scientist at Bell Labs, has observed: "Nothing here violates the 
technology boundaries as we know them. They're not asking for mental 
telepathy or antigravity. Launching a low-orbit satellite has certainly been 
done for generations, and the idea of mass manufacture applied to this kind 
of technology seems perfectly straightforward" (Kupfer and Davis, 19%). 

If it happens, Teledesic will even dwarf Iridium — a massive system of 66 
communications satellites in LEO providing voice, fax, data transfer and 
paging to the most remote spots on Earth ~ to be deployed by Motorola and at 
a cost of $3.8 billion. (Iridium was named for chemical element number 77 
because it was originally designed to have 77 satellites; the system was later 
changed to its present configuration, but the appellation "Iridium" survives.) 
Motorola has come under fire because it will employ frequencies in the range 
1.616 - 1.626 GHz for its downlinks (space-to-Earth) and uplinks (Earth-to- 
space) - close enough to the 1.612 GHz astrophysically abundant hydroxyl 
radical (OH) to worry radio astronomers about interference from adjacent 
bands (Feder, 1996). Motorola is promising to limit spillover, but the issue 
underscores that the microwave spectrum is a limited resource jealously 
guarded by commercial and nonprofit users alike. 

Proponents of Space Power recognize that frequency allocation must be 
addressed promptly and effectively to avoid pre-emption of the technology 
before it's bom. Clearly, uplink and downlink frequencies should be chosen 
to minimize interference with other applications consistent with high 
transmission efficiency through the atmosphere. But rather than compete 
with communication for the microwave spectrum, we propose that comsat 
and powerbeam functions share the same frequency by modulating the 
powerbeam to provide downiink data transfer. Commonalty of frequency 
could is a powerful argument in favor of licensing integrated 
communications/space power systems. In Figure 7, we illustrate 
schematically how a standard SPS rectenna could be modified to extract an 
encoded communications signal prior to rectification of carrier power beam. 


THE FINAL FRONTIER, FINALLY? 

What we proposed here is a low-mass, possibly inflatable, solar power satellite 
which could function in a duai mode as a communication satellite. The 
mother of this invention is the need to provide a revenue-generating bridge 
to large scale Space Power. In an evolutionary mode, the first function of an 
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integrated solar panel-transmitter might be to power the communication 
function only. What we envision as a first step is a wireless system in which 
ground stations are powered by the beam in the same way that wire- 
connected telephones are powered by line current. 

Given the interest in multimedia satellite communication systems, such self- 
powered microwave beam transmitting satellites might be marketable today. 
In future scale-ups, the power transmission function would be expanded and 
exploited commercially. Our goal is to evolve the infrastructure of space 
power in a systematic pay-as-you-go way that builds on current projects in 
satellite communications. 

An obvious question is whether there is evidence that telecommunications 
or electric utility companies would want to enter the Space Power business. 
The answer is no, there is no evidence. But that is only because these 
industries are unaware of the commercial possibilities. One has to know that 
an option exists to choose it. Once feasibility is shown, and a respected player 
takes the plunge, feeding frenzies by investors show up in the most unlikely 
places - witness the Internet and Comsats. It is the nature of the capitalist 
system. 

For reasons having more to do with politics than with science or engineering, 
national research and development establishments have remained cool to 
SPS since the 1970s. Despite obvious problems with controlled thermonuclear 
fusion research, it continues worldwide at the $1 billion/year level; while 
only token funding is allotted to SPS. In the U.S., Space Power remains the 
weakest of blips of NASA's radar. Nor has the Department of Energy taken up 
the challenge of researching Innovative carbon-free energy sources for the 
next century, despite the finding by the Intergovernmental Panel on Climate 
Change that humankind's CO 2 emissions can transform our planet's climate 
in the twenty first century. It may be that fossil fuels are so deeply embedded 
in the global infrastructure that the only way to displace them is to lay down 
an alternate infrastructure through an entirely different industrial base. 

What is certain is that the present era of government deregulation in the U.S. 
has led to a scramble on the part of telecommunications, computer, cable TV, 
and utilities industries to enter each others markets — particularly as regards 
the so-called information superhighway. A recent article in the Electric Power 
Research Institute (EPKI) Journal reports that "EPRI believes that utilities 
should consider more aggressive involvement in the information 
revolution, adding fibre-optic cables to their already far-reaching power 
delivery infrastructure and partnering with other investors to take an 
ownership role in the systems now being developed" (Jaret, 1995). The electric 
power companies are clearly interested in entering the communications 
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business. What we are proposing is an inversion of this logic in which 
communications companies could enter the power business. In practice, it 
may be more practical for consortiums of power and communications 
companies to develop the proposed technology — but that remains to be seen. 

Even in the U.S., there are large regional variations in the cost of electricity 
stemming from the finite resistivity of power lines (Figure 8). This is even 
more true internationally. There is a major trend toward international long- 
distance electrical transmission systems that would make power available 
where it is needed from where it can be produced (Pearce, 1995). Early on, it 
was recognized by the brilliant American architect and futurologist R. 
Buckminster Fuller that the Earth's renewable resources might be linked to 
centers of populations by intercontinental electricity grids. Fuller's idea is also 
shown in Figure 8. Vice-President A1 Gore, well-known for his 
environmental concerns, has said, "A global energy network makes 
enormous sense if we are to meet global energy needs with a minimal impact 
on the world's environment." And most certainly, the Space Power 
constellations proposed here would serve a similar function, particularly for 
energy-hungry tropical developing nations. 

In a recent Scientific American article, the president of Teledesic argued that 
"satellite communications may help stem the large scale migration of people 
from the countryside to cites and from the developing world to developed 
nations" (Dagget, 1995). That may be the case, in dme. But at this point most 
of these nations lack the infrastructure and resources to employ multimedia 
communication products on a large scale. It is highly unlikely that 
developing nations can leap from preindustrial to postindustrial without a 
substantial increase in per capita energy consumption. What they need now is 
affordable carbon-free electric power that does not require excessive land use. 

Apart from costs, which must, of course, be competitive, there are two 
fundamental advantages of Space Power relative to terrestrial renewable non- 
CO 2 energy sources: (1) The electric power per unit surface area devoted to the 
energy source is much greater for SPS — by a factor of ten according to our 
estimates. And as noted previously, visually transparent rectennas permitting 
crop growth and grazing further reduce the land use requirements of SPS. 
This means more land can be spared for human agriculture and natural 
ecosystems. (2) Electric power requirements tend to be continuous and 
concentrated in regions of dense human habitation, whereas terrestrial 
renewables are intermittent and remote from their end use demand. This 
means global transmission grids are needed — which have their own cost, 
technology and environmental obstacles to overcome. 
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In principle, all terrestrial renewables pose environmental problems because 
of their relatively large land use requirements. Hydropower, the most 
exploited renewable thus far, has produced significant disruption of 
ecosystems and human habits by flooding previously occupied areas. Solar, 
biomass and wind farms would similarly compete with people, agricultiu'e 
and natural ecosystems for land were they basis of a global energy system. 

Perhaps the most important question we should be asking is how to best 
supply the energy needs of ten billion people fifty year hence with the least 
adverse impact on the environment? SPS offers a vision is which energy 
production moves off the Earth's surface; and consequently we live on a 
"greener" planet. Consider the philosophical implications: No longer need 
humankind see itself trapped on Spaceship Earth with limited resources, but 
now the resources of space are open to economic expansion — with the Earth 
preserved as a priceless resource of biodiversity. There is still a way to go. But, 
as Lao-tzu put it, "A journey of a thousand nules begins with a single step.” 


REFERENCES 

Brown, W. (1984) The history of power transmission by radio waves. IEEE 
Trans, on Microwave Theory and Techniques, MIT-32, No. 9, 1230-1242. 
Born, M., md E. Wolf (1980) Principles of Optics: Electromagnetic Theory of 
Propagation Interference and Diffraction of Light, 6th Edition, pp. 396-397, 
Pergamon, New York. 

Criswell, D.R,, and R.D. Waldron (1991) Results of analysis of a lunar-based 
power system to supply Earth with 20 TW of electric power. In L. 
Deschamps (Ed.), SPS 91: Power from Space, Second International 
Symposium, Soci6t6 des Electriciens et des Electroniciens (SEE) and Soci^t^ 
des Ing^nieurs at Scientifiques de France (BF), Paiis/Gif-sur Yvette, 27-30 
August 1991, pp. 186-193. 

Cheney, M. (1983) Tesla: Man Out of TittK. Laurel (Bantam Doubleday Dell 
Publishing), New York. 

Clarke, A.C. (1945) Extra-terrestrial relays. Wireless World, October 1945, pp. 
305-308; reprinted in A.C. Clarke (1984) Ascent to Orbit: A Scientific 
Autobiography, Wiley, New York, pp. 60-63. 

Daggatt, R. (1995) Satellites for a developing world. Scientific American, Sept. 
1995, p. 94. 

Douglas, J. (1995) Measuring the cost of transmission services. EPRl journal, 
20 (4), Jul./Aug 1995; available on the World Wide Web at: 
http:/ / www.epri.com/EPRIJournal/jul_aug95/measure.html. 

Early, J.T. (1989) Space-based solar shield to offset greenhouse effect. J. Brit. 
Interplanetary Soc., 42, No. 12, 567-570. 



234 


-18- 


Ehricke, K.A. (1974) The Power Relay Satellite: A Means of Global Energy 
Transmission Through Space. Report E74-3-1. Rockwell International 
Corporation, El Segundo, CA. 

Feder, T. (1996) Iridium satellite system poses threat to radio astronomy. 
Physics Today, Nov. 1996, pp. 71-73. 

Foley, T.M. (1995) Big and little LEOs face off. Aerospace America, September 
1995,37-41. 

Fuller, R.B. (1981) Critical Path. St. Martins Press, New York. 

Furth, H.P. (1990) Magnetic confinement fusion. Science, 249, 1522-1527. 

Gagliardi, R.M. (1991) Satellite Communications. Van Nostrand Reinhold, 
New York, pp. 31-45. 

Glanz, J. (1996) Turbulence may sink titanic reactor. Science, 274, 1600-1602. 

Glaser, P.E. (1968) Power from the sun: Its future. Science, 162, 857-861; (1973) 
Method and Apparatus for Converting Solar Radiation to Electrical Power, 
US. Patent No. 3,781,647, U.S. Patent Office, Washington, DC; (1977) Solar 
power from satellites. Physics Today, 30, (2), 30-38. 

Cioldemberg, J. (1995) Energy needs in developing countries and sustainability. 
Science, 269, 1058-1059. 

Hoffert, M.I., and S.6. Potter (1996) Energy supply. In R.G. Watts (Ed.), 
Engineering Response to Global Climate Change. Lewis Publishers, Boca 
Raton, FL (in press). 

Hoffert, M.I., G. Miller, M.N. Kadiramangalam & W. Zeigler (1989) Earth-to 
Satellite Microwave Power Transmission. AIAA /. Propulsion 6 Power, 5 
(6), 750-758. 

Hoffert, M.I., S.D. Potter, M.N. Kadiramangalam and F. Tubiello (1991) Solar 
Power Satellites: Energy source for the Greenhouse Century? In L. 
Deschamps (Ed.), SPS 91: Power from Space, Second International 
Symposium, Soci4t6 des Electridens et des Electronidens (SEE) and Sod6t6 
des Ing6nieurs at Scientifiques de France (ISF), Paris/Gif-sur Yvette, 27-30 
August 1991, pp. 82-90; also (1991) Space Power, 10 (1), 131-151. 

ISU (1992) Space Solar Power Program. Final Report. ISU Summer 1992 
Workshop, Kitakyushu, Japan, 477 pp.; International Space University 
(World Wide Web: http;//www.isunet.edu/). North American Office, 
3400 International Drive, NW, Washington, DC. 

Jaret, P. (1995) Grabbing a lane on the information superhighway. EPRI 
Journal, 20 (1), Jan/Feb 1995; available on the World Wide Web at: 
http://www.epri.com/EPRIJoumal/jan_feb_95_html/toc.html. 

Johansson, T.B., H. Kelly, A.K.N Reddy and R.H. Williams (Eds.) (1993) 
Renewable Energy: Sources for Fuels and Electricity, Island Press, 
Washington, DC,. 1160 pp. 

Kcxtmanoff, F.A., and C.E. Bloomquist (1993) The satellite power system: 
Concept development and evaluation programme. In P.E. Glaser et al. 



235 


-19- 


(Eds.), Solar Power Satellite: The Emerging Energy Option, Ellis Horwood, 
Chichester, England, pp. 26-59. 

Kupfer, A. and E.M. Davis (1996) A long way from Telstar; Why Teledesic 
needs 840 satellites. Fortune, May 26, 1996; available on the World Wide 
Web at: 

http://pathfinder.eom/@@6Lc05AQAoWii6MXm/fortune/maga2ine/199 

6/960527/cover.htm]. 

Landis, G.A., and R.C. Cull (1991) Integrated solar power satellites: An 
approach to low-mass space power. In L. Deschamps (Ed.), SPS 91: Power 
from Space, Second International Symposium, Soci6t6 des Electriciens et 
des Electroniciens (SEE) and Soci6t4 des Ing6nieurs at Scientifiques de 
France (ISF), Paris/Gif-sur Yvette, 27-30 August 1991; pp. 225-232. 

Leggett, ]., W.T. Pepper and R.J. Stewart (1992) Emission scenarios for the 
IPCC. In J.T. Houghton et al. (Eds.) Climatic Change 1992: The 
Supplementary Report to the IPCC Scientific Assessment, Cambridge 
University Press, New York, pp. 69-95. 

Nagatomo, M., S. Sasaki and Y. Naruo (1993) Summary report on conceptual 
study of solar power satellite system; SPS 2000. Proceedings of 12th ISAS 
Space Energy Symposium, March 10 & 11, 1993, pp. 110- 116, Institute of 
Space and Astronaudcal Science, 3-1-1 Yoshinodai, Sagamihara 229, Japan 
(see also World Wide Web SPS 2000 Home Page: 
http://spss.isas.ac.jp/index.html). 

NASA (1994) Access to Space Study: Summary Report. NASA-TM-109693, 
Accession No. N94-27151, NASA Headquarters, Washington, DC. 

NAS (1981) Electric Power from Orbit: A Critique of a Satellite Power System. 
National Academy of Sciences, National Academy Press, Washington, DC, 
332 pp. 

NAS (1992) Policy Implications of Greenhouse Warming: Mitigation, 
Adaptation, and the Science Base. Panel on Policy Implications of 
Greenhouse Warming. National Academy of Sciences, National Academy 
Press, Washington, DC, 918 pp. 

Nozette, S., et al. (1996) The Clementine bistatic radar experiment. Science, 
274, 1495-1498. 

Pearce, F. (1995) The international grid. New Scientist, July 8, 1995, pp. 38-42. 

Potter, S.D. (1994) Solar Power Satellites. "Solar Energy" entry, 1994 McGraw- 
Hill Yearbook of Science and Technology, McGraw-Hill, New York, pp. 
358-359; also (1995) Specialized phased-array antenna patterns for wireless 
power and information transmission. Poster session presented at High 
Frontier Conference XII on Space Manufacturing, May 4-7, 1995, Space 
Studies Institute, Princeton, New Jersey. 

Rich, B., and L. Janos (1994) Skunk Works: A Personal Memoir of My Years at 
Lockheed. Little, Brown and Co., NY. 



236 


- 20 - 


Rogers, T.F. (1981) Reflector satellites for solar power. IEEE Spectrum, July, 
1981, 38-43. 

Ropelewski, R. (1996) Satellite services soar. Aerospace America, November 
1996, pp. 26-31. 

SAIC (1995) Space Solar Power: A Fresh Look Feasibility Study; Phase 1. 
NASA Contract NAS3-26565, Science Applications International Corp., 
Schaumburg, IL. 

Savage, M.T. (1994) The Millennial Project. Little Brown & Co., New York, 508 

pp. 

Simberg, R. (1991) Use of space for Earth power. In E.P. Coomes (Ed.jPower 
Beaming Workshop. Supplementary Information for the May 14-16, 1991 
Workshop held in Pasco, Washington, Pacific Northwest Laboratory, pp. 
M8.1-8.31, Richland, Washington 99352. 

Strickland, J.K. (1996) Advantages of solar power satellites for base load 
electrical supply compared to ground solar power. Solar Energy, 56 (1), 23- 
40. 

Stix, G. (1994) Cyberspace cadets. Scientific American, June 1994, 98-100. 
Zysman, G.I. (1995) Wireless networks. Scientific American, September 1995, 
68-71. 



237 


FIGURES 


- 1 - 



FIG. 1. ELECTROMAGNETIC RADIATION AND DIFFRACTION. (TOP LEFT) 
Power is transmitted through space normal to the plane formed by 
orthogonal electric and magnetic waves. (TOP RIGHT) Radiant power is 
produced over a spectrum of wavelengths by the sun, some of which is 
absorbed by the Earth's atmosphere. (BOTTOM LEFT) Coherent EM radiation 
can be generated at specific wavelengths by oscillators or lasers transmitting 
through an antenna or lens aperture. The power intensity pattern shown is 
for a rectangular aperture (Hoffert et al., 1989); most of the power is contained 
by the main lobe, which spreads with increasing distance by diffraction at an 
angle proportional to the ratio of wavelength to source aperture. (BOTTOM 
RIGHT) Diffraction pattern of a light source through a rectangular slit 
recorded on a photographic plate showing overexposed main lobe and 
sidelobe patterns (Born and Wolf, 1980). An SPS converts EM power in the 
solar spectrum at the top of the atmosphere to focused EM microwave or laser 
beam power for reception and conversion to electric power at the Earth's 
surface. 
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nc. i THREE CONHGURATIONS FOR SPACE ELECTRICAL POWER. (TOP 
LEFT) Power Relay Satellites (PRS) convey terrestrial energy to distant points 
on Earth by boundng microwaves off reflector satellites in Low Earth Orbit 
(LEO). (TOP RIGHT) Earth orbiting Solar Power Satellites (SPS) transmitting 
solar power to the surface. This category include the geostationary SPS 
Reference Design of the 1970s and constellations of integrated 
communication /powerbeam satellites in LEO proposed here. (BOTTOM) The 
Lunar Power System (LPS) takes advantage of the lunar surface as a platform 
for solar collectors and lunar materials for fabrication, transmitting power in 
tight beams to relay satellites convey the power to ground stations on Earth. 
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FIG. 3. SPS 2000. (TOP) Triangular cross-section demonstration SPS proposed 
by institute of Space and Astronautical Science of Yoshinodai, Japan. Suitiight 
collected by photovoltaic cells on the upward faces of this kite-like satellite is 
converted to microwave energy in a powerbeam steered by phased-array 
transmitter on the Earthward face. Orientation is maintained by gravity- 
gradient stabilization. The equatorial orbit could provide a demonstration of a 
novel carbon-free electric power supply to tropical, developing nations where 
it is most needed. (BOTTOM) Overall SPS 2000 system including receiving 
rectenna and uplink pilot beam (Nagatomo et al., 1993). 
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nC. 4. SPARTAN INFLATABLE ANTENNA EXPERIMENT (lAE): (TOP) An 
inflatable antenna 50 feet (14 meters) mounted on three 92-foot (28 meter) 
struts. The struts are attached to the Spartan spacecraft, deployed and then 
recovered by the Space Shuttle. In LEO, the Spartan becomes a platform for 
the antenna which, when inflated in space, is roughly the size of a tennis 
court. (BOTTOM) Spartan overflying the Grand Canyon as viewed by Space 
Shuttle Endeavor astronauts. (NASA images downloaded from World Wide 
Web site: http://sspp.gsfc.nasa.gov/sp207.html). 
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nC. 5. ROCKET SCIENCE. (TOP) Ventvire Star, a Single-Stage-to-Orbit (SSTO) 
vehicle proposed by Lockheed-Martin Skunk Works of Palmdale, CA, to 
reduce launch costs is shown deploying a satellite in an artist's rendition. 
(BOTTOM) Comparison of the NASA X-33 test vehicle with the eventual 
full-scale Venture Star and the present Space Shuttle. Payload launch costs in 
the S2000/kg range Can make Space Power cost effective if low-mass SPS 
technology can achieve specific power > 1 kW/kg. But lower specific power 
could likewise be cost effective if revenue is produced by information 
transfers along with power transmissions. 
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nC. 6. TELEDESIC COMMUNICATIONS SATELLITE SYSTEM. At an altitude 
of 435 miles (700 km), 21 rings of 40 satellites apiece, or 840 in all, permit at 
least two satellites to be accessible to everyone in the world at all times. 
Onboard software choreographs a grand celestial dance. The satellites circle in 
polar orbits from north to south. Each will be linked electronically vrith eight 
neighbors in a geodesic pattern aaoss the sky. As it moves out of range of an 
earthbound user, a satellite will hand off the radio signal to its nearest 
partner, sometimes in an adjacent ring, sometimes rising from behind. The 
concentric orbits do converge at the poles, but the satellites are at slightly 
staggered elevations and will slip safely past each other, with thrusters 
ejecting out tiny particles of Teflon to make delicate adjustments in direction 
(from Kupfer and Davis, 1996). 
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FIG. 7. INTEGRATING POWERBEAM AND COMMUNICATIONS 
FUNCTIONS. (TOP) Modulation of SPS powerbeam carrier wave to carry 
information; (MIDDLE) Standard rectenna configuration for power reception 
and conversion to DC (Brown, 1984); (BOTTOM) Proposed conversion of 
rectenna elements to dual mode (power/communications) function. Uplink 
information transfer is standard for communication satellites (Gagiiardi, 
1991). Such dual mode modifications would permit Space Power delivery to 
be gradually integrated into the infrastructure of LEO communication satellite 
constellations such as Teledesic or Iridium. 
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FIG. 8 (TOP) ELECTRICI^ PRICES BY STATE. Major regional variations exist 
in the Cost of Electricity in the US and worldwide because resistance losses in 
power lines prohibits economical long-distance power transmission (Douglas, 
1995). (BOTTOM) GLOBAL GRID. The advantages of a planetary-scale 
electricity delivery system for the global market prompted Buckminster Fuller 
decades ago to propose a global superconducting power grid (Fuller, 1981). 
Today, by exploiting state-of-the art technology, opportunities exist for 
entrepreneurs to develop space-based electrical power as a global commodity. 
We argue here that a cost-effective path way to do this is by integration of 
space eiectric power delivery services with satellite telecommunications 
networks. 
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Next, Dr. Lewis. 

Mr. Lewis. Thank you, Mr. Chairman. We are at the threshold 
of a new century that is beginning with space travel, hypersonic 
aviation, nuclear power, electric automobiles, genetic engineering, 
global cellular phone service and personal computers. This coming 
century will be a time of unprecedented change. 

It is harder to foresee the events of this next century than it was 
for our grandparents in 1900 to foresee the world as it is today, 
and I don’t think I need to remind you, they did a terrible job of 
that. Where will we be at the end of the next century? Linear ex- 
trapolations of what we are doing now don’t work. Things can’t go 
on like this and they never have. Everything is going to be dif- 
ferent and I will give a few brief examples. 

I will try not to use the accepted redefinition of 5 minutes that 
some others have used and try to keep it within the real 5 minutes. 
Let me first remind you that American planetary exploration mis- 
sions to Mars and Venus have already taught us about the dev- 
astating effects of chlorine and water vapor on the ozone layer. Be- 
cause of this knowledge, we chose not to build a high altitude su- 
personic transport and we drastically curtailed our production of 
chlorofiuorocarbons. 

As a result, the ozone layer will repair itself over the next few 
decades and there will not be a global plague of skin cancer and 
not be global killing of seedling wheat and rice by ultraviolet sun- 
light. We solved these problems, which we did not know existed as 
problems, by doing basic solar system research and bringing it 
home to Earth. Critical discoveries were made by the American 
Mariner spacecraft to Mars and Venus. 

Trying to look ahead to decide what we need to develop in the 
next century places us in the same position we would have been 
in in the 1950’s if we had tried to anticipate the threat to the ozone 
layer. We can identify three areas of enormous importance that are 
now emerging, with even more profound implications for the future 
than the example that I gave you from our past. 

First, these, as you have heard, is the lowering of launch costs, 
using new technology boosters, airline style operations and free and 
open competition between companies offering launch services. The 
second, which you have not heard about, is the discovery and char- 
acterization of Earth threatening comets and asteroids to predict 
the potential collisions with Earth and to give us a central knowl- 
edge of their physical and chemical properties. 

The third is the proliferation of micro and nanoelectronics to per- 
mit automated manufacture of vast numbers of tiny machines to 
serve mankind, and also to permit safe automated exploration and 
exploitation of very hostile alien environments. The synergism of 
these newly emerging capabilities will permit astonishing increases 
in human ability to manipulate matter and energy and thereby 
shape our future and change our visions of the possible launch cost 
decreases, give us the ability to build solar power satellites eco- 
nomically, offering us, as Potter has told us, cheap, clean abundant, 
electrical power, combined with the knowledge of and access to 
near Earth asteroids, and with autonomous and tele-operated proc- 
essing equipment, we could capture metals from Earth threatening 
asteroids into the Earth’s orbit. 
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With a leverage of 100 to 1, mission studies that have been done 
show that for each ton of equipment devoted to retrieval of mate- 
rial from near-Earth asteroids, you can return 100 tons of struc- 
tural metals or propellants to the vicinity of Earth. By so doing, we 
can build solar power satellites at a greatly reduced cost, even 
below those that have been considered in NASA-funded studies to 
date by further minimizing the mass of equipment that must be 
launched out of the Earth’s deep gravity well at enormous launch 
costs. 

Cheap, abundant, clean electrical power, as Dr. Potter told you, 
offers us a number of features that I will not do more than mention 
in passing. First, energy independence from foreign sources of sup- 
ply, a strategic issue of the first importance for the next century. 
Enormously diminished environmental impact of our energy sup- 
ply, compared to, for example, supertanker fleets, radioactive 
waste, strip mining for coal, these will no longer be needed in what 
have always been continually increasing numbers. 

And as a further environmental benefit, we will see a way out 
of the global warming problem caused by fossil fuel combustion. In 
addition, electrical power delivered by these solar-powered sat- 
ellites, without the intervention of fossil fuel-burning makes elec- 
trical power available for surface vehicles with very small environ- 
mental impact. It also makes hydrogen available by electrolysis of 
water which empowers high performance aircraft of the future and 
we don’t even need hydrocarbons to fly our aircraft fleets in the fu- 
ture. 

It permits a phase down of hydrocarbon production, extending 
our supply a few decades, or at the current use rates, indefinitely 
for use as a valuable industrial feed start. The high technology con- 
tributions of nanotechnology and tailored microorganisms will per- 
mit us to do processing, biological and physical processing and 
chemical processing in vast areas of industry here, Earthside, as 
well as in space, anything that involves the need for searching, re- 
cycling, sorting, processing or fabricating enormous masses of ma- 
terial. 

Machines that are at least partially self-replicating, based on 
computer technology that has grown out of the space program, will 
permit these tiny robots to produce themselves in profusion, greatly 
increasing the amount of productivity per human worker. They 
could gather manganese modules from the ocean fioor, sort our gar- 
bage for recycling, extract rocket propellants from the atmosphere 
of Mars or the surface of the Moon. They could mine construction 
metals from nearby asteroids, bodies which, if not used up, would 
eventually collide with Earth. 

These international and interplanetary endeavors demand an 
educated work force, competent, of course, in math and science and 
in engineering, but also in languages and law and economics and 
management and so on. These are essential ingredients of our fu- 
ture and any nation which fails to understand the underlying im- 
portance of exploration, research and education will remain firmly 
stuck in the 20th century. 

We are not trying to plan the futures of our descendents, but we 
are trying to open their options. Resource limitations, as usually 
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discussed, reflect merely the technologies we have available to us. 
Space technology makes vast new resources accessible to us. 

Let me give you one example. There is a near-Earth asteroid 
called Amun, A-M-U-N, that crosses the Earth’s orbit twice in each 
trip around the Sun. It is about 1,000 yards in diameter. It con- 
tains more iron and steel than the total production of every nation 
on Earth for all of history. The market value of the metals in 
Amun, about $5 trillion, and it is the smallest known metallic as- 
teroid out of many dozens known. It is more accessible to us or ap- 
proximately as accessible as the surface of the Moon. It is about as 
easy to get to in terms of rocket power and rocket compulsion re- 
quirements as the surface of the Moon and easier to get back from. 

In the asteroid belt, we have countless dozens of asteroids much 
larger than Amun also made of metals. If we ask how many people 
could be supported by the known resources of the Asteroid Belt, in 
a recycling regime in which material is kept in circulation, the an- 
swer is an astonishing 10 quadrillion people. The known resources 
of the Belt are sufficient to support indefinitely a population 1 mil- 
lion times the ultimate carrying capacity of Earth. 

When we think about, for example, using the resources of the 
Belt to help make Mars habitable, as Buzz Aldrin commented, let 
me tell you what would happen if you brought the metals of the 
Belt to Mars. You would be able to build a steel frame building 
80,000 feet tall covering every square inch of the surface of Mars. 

In other words, the resources necessary for terraforming planets 
are a trivial, minuscule fraction of the wealth of resources available 
to us in the Belt. Any processing plant in place upon Earth-cross- 
ing asteroids gets a ride out of the Belt on every single trip around 
the Sun. It automatically goes out to the Asteroid Belt. These space 
resources, both the energy resources that Dr. Potter talked about 
and the material resources, are available to us if we use space 
science and technology to access them. It is up to us, and I would 
like to close with a quotation that goes back almost exactly 100 
years to H.G. Wells, looking at this century, he said, “The choice 
is the universe or nothing.” 

Mr. Weldon. I want to thank you. Dr. Lewis. That was a very in- 
triguing and enlightening and global presentation to wrap up this 
panel. 

I guess to kick off the questioning, let me start with Joshua. We 
began with you, I guess, almost an hour ago, and what did you 
think of this presentation that came after you? A lot of us here in 
this room are going to be looking to your generation to implement 
some of these things, so what are your thoughts on going to the 
Moon, going back to the Moon, going to Mars, space-based energy 
resources, what did you think of the panel? 

Mr. Ouellette. Well, I have always been very interested in the 
sciences, so from that standpoint, it was fascinating. The way that 
I am viewing this is they are building it. I am going to fly it, I, 
referring to kids my age and younger. But this is actually some of 
the first real encouraging things I have heard on the space pro- 
gram in a long time, especially with Dr. Zurbin’s ideas on how to 
make it far less expensive in colonizing the Mars martian planet 
within a relatively short span of time. From that standpoint it ex- 
cites me a lot. 
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Mr. Weldon. Let me just ask you, I am not sure if you mentioned 
this in your presentation. What is the first thing you remember 
about the space program as a young man growing up? Do you have 
a first recollection of something that intrigued you or excited you 
about NASA or the shuttle or Apollo or anything that you can 
think of? 

Mr. Ouellette. I mean, of course, it is mainly the shuttle be- 
cause the shuttle was the only thing I have ever seen launched. I 
mean, the Apollo missions all took place a long time before me. I 
mean, I was born in 1981 and the last Apollo mission ended 9 
years earlier. But it is definitely the space shuttle. It is obviously 
a very powerful tool. It has a lot of uses, but I do also, on that note, 
think that we need to move beyond the space shuttle. 

The space shuttle has kept our space program going for several 
decades, but its uses are, as some people have mentioned before 
me, limited to going around in circles and it is less the space shut- 
tle itself and more of what happens when you stop going around 
in circles that has interested me all my life. 

Mr. Weldon. Do you think we should go back to Mars — have 
never been there. Do you think we should send a manned mission 
to Mars, I guess is the question. 

Mr. Ouellette. Definitely. In some ways, I like the idea of 
thinking of it as an insurance policy, especially now that we have 
all seen the Shoemaker-Levy comet plummet into Jupiter that 
would have annihilated the Earth like nothing, and from that 
standpoint, it is incredibly important, just to the survival of us as 
a species. But I think it is also incredibly important to our survival 
as a Nation. 

I mean, what probably got us through the cold war without the 
cold war becoming a hot war, world war III, was probably the space 
program. That was a constructive, rather than destructive aspect 
of it. And even from an economic standpoint, I mean, we have 
heard mentioned that one near-Earth asteroid could basically pay 
off our national debt, imagine what going to Mars can do. With 
commerce between the planets, sending back raw materials, even 
moving some of our heavy industry to Mars, in ways, basically, 
there isn’t — the way I think about it is there isn’t anything to de- 
stroy on Mars with our heavy industry. It is probably the most im- 
portant event in human history as far as I am concerned. 

Mr. Weldon. Dr. Potter, I was very interested in your presen- 
tation on generating electricity in space. We had, in the panel last 
week, two scientists who talked about generating the power on the 
Moon, and then beaming it to satellites in the Earth’s orbit that 
then transmit it down to the surface of the planet. How is that dif- 
ferent from what you are talking about, and what are the pros and 
cons of the two different concepts as you see it? 

Mr. Potter. You are probably talking about Dr. Criswell’s idea. 

Mr. Weldon. Yes. 

Mr. Potter. And I know him reasonably well and I think the 
main difference is one of time. The idea that I am suggesting, that 
is satellites in low to middle Earth orbit, is something we can do 
right now. Because of the sheer amount of power that the world is 
going to need during the next 50 to 100 years, eventually I feel we 
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will need to go to higher orhits. We may need to go to the Moon, 
so it is a question of how much versus how long. 

Mr. Weldon. And do you think that we could develop today a 
system like you are talking about and a low-Earth orbit, providing 
electricity to a city or a Nation or a community. 

Mr. Potter. I feel we could start this afternoon, if we had to, 
and we could probably have something ready within, say, 5 years. 

Mr. Weldon. Do you think there is a role for NASA to be involved 
in the initial phases of such a program or would you recommend 
that be handled by the private sector, like a consortium of power 
companies handling it. 

Mr. Potter. I feel there is definitely a role for NASA in doing 
what government has always done best and it was alluded to by 
one of the other panelists, taking the risk out. I think once this 
idea is proven, there is going to be a feeding frenzy and commu- 
nications companies, utilities, companies whose existence that we 
can’t even predict will emerge. 

Nobody predicted Internet service providers 10 years ago. But 
the role of NASA should be perhaps to use some of its existing ca- 
pability. Something like a long duration exposure facility, right on 
the international space station that could be tended to by astro- 
nauts as needed. I should say a prominent Russian aerospace engi- 
neer, who I can’t mention at this point, did express interests in 
such an idea, so there is definitely a role for NASA. 

Mr. Weldon. OK. I would like to now recognize the gentleman 
from Texas, Mr. Turner, for questioning. 

Mr. Turner. Thank you. I want to commend Joshua for his pres- 
entation today. Joshua, I had the good fortune of representing the 
Woodlands in the State Senate a few years ago and my congres- 
sional district now comes within about 10 or 15 miles of your home, 
and so I can’t take the credit for you being here today. Your Con- 
gressman, Kevin Brady, is a good friend of mine and I know he is 
proud that you are here today testifying on behalf of the young peo- 
ple, because you truly are an outstanding representative of the 
young people in this country, and in many ways, it is inspirational 
to us to see you here because the things we are talking about and 
doing are really things that will be greatly meaningful to you in 
your generation, and I think it is our responsibility to be sure that 
we do the right things, to be sure that your generation is able to 
benefit from our decisions. 

You know, I listened this morning with great interest, and it con- 
tinues to, I guess, cross my mind as one of the panelists suggested, 
that we ask NASA to lay out a definition of a mission, so that we 
can place it on the President’s desk in 2001 and begin to mobilize 
the Nation in a specific direction. I guess I would welcome any of 
the panelists comments on this because I think it is critical, even 
though, as I said to the earlier panel, none of us are great fans of 
blue ribbon commissions, many reports are done and prepared and 
bound up neatly and find they are not paid a whole lot of attention 
to. Obviously we wouldn’t want to repeat that kind of process in 
something as important as our future in space exploration. But it 
does seem to me that it is important, not just to have NASA lay 
on the table the direction of the space exploration program for this 



250 


country, but to bring all sectors, public and private, together, in a 
way that we really can develop a national consensus. 

After all, one of the problems I think we face today is that our 
space program has matured somewhat and many people looked at 
NASA as just another government agency, and it wasn’t looked 
upon that way in the sixties, when we had the excitement of the 
early days of the space program and so it may take more consensus 
building to put us on the road to exploring Mars, and I would wel- 
come any comments and suggestions that any of you may have 
about how we might develop that consensus that will put us on the 
right track. 

Mr. Rogers. You won’t he able to, is my view, my judgment. I 
tried for 15 years. President Bush tried very hard. There has been 
study after study, commission after commission. It doesn’t work. 
There was one day when I was asked to meet with Salley Ride 
after the SET study. She had been asked by the NASA Adminis- 
trator to see if she could think of a way to move ahead. And she 
asked me would I review her report and I said let me ask you a 
few questions first. Who have you been talking to. She said Pro- 
fessor Jones, Dean Smith, and some of them I know. 

I said is the problem one of finding smart, highly educated, high- 
ly motivated people to spend the money to go to the Moon and 
Mars or is the problem to get authorization and appropriations? 
She said the latter, of course. Well, I said, tell me again, who have 
you been talking to? That is the question. You will have a broad 
enough group of people willing to say, yes, let’s go to the Moon and 
Mars, providing they don’t have to pay for it, and that is why I 
made the suggestion that I did this morning. 

I don’t know that Bob Zubrin is ready to break out in tears, but 
we discussed how to get to the Moon and Mars on a number of oc- 
casions and this is the first time I have been able to say, in all hon- 
esty, that I think there is a way to get there. The way to get there 
is to say, let us put a line item in the NASA budget. Let’s start, 
and now let’s fund it in proportion to what the life space flight area 
generates in private sector revenues and taxes. That immediately 
tells you that the public doesn’t have to pay anything for it because 
there are those taxes and revenues being generated today, and it 
says NASA is now challenged to go out and create, create the sus- 
tenance for meeting its own desires. 

One of the great difficulties, going back to what I said at the be- 
ginning of the Federal Civil Space Program today, is it doesn’t cap- 
ture nearly well enough the national interest in civil space. People 
think they are the same thing and they are not. If we can bring 
together the very, very smart scientists, technology developers, en- 
gineers, within NASA, the aerospace industry and related univer- 
sities, marching toward the Moon, Mars, at the same time that we 
say you will get there as fast, as fast as you can help our private 
sector to generate the revenues and generate the tax base for so 
doing. That is my view. 

Mr. Zubrin. I have to agree in part with Mr. Rogers that the na- 
tional commission, blue ribbon commission, is of limited value. Al- 
though, as Buzz pointed out earlier today, the Payne report was an 
exception to that, in that it was sort of a remarkable document 
that could have kicked something off had it not landed in the mid- 
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die of the Challenger disaster. But there is no shortage of support 
in this country for a Humans-to-Mars program. I can speak to that 
directly. 

I have had the experience of going around and giving talks on 
Humans-to-Mars program, not just to space societies and engineer- 
ing groups, but to rotary clubs, plumbers conventions and you 
name it. And the main question I get at a conclusion of a talk 
about Humans to Mars and how and why we can do it is how come 
we are not doing it? People come up to me and say I remember 
Apollo. That was great. Weren’t we supposed to go to Mars after 
that? How come there was no follow through? 

This is the sort of thing this country ought to be doing. In fact, 
there is immense ground swell. There is, in fact, a feeling of be- 
trayal among people in this country, that it seems as if the govern- 
ment has accepted this notion that this country has entered the 
age of limits in which we are no longer capable of doing stuff like 
this. 

Well, we are capable of doing stuff like this, OK. We are richer 
than we were in the 1960’s, a lot richer. We have a lot larger GNP 
and we are not facing an adversary of incredible strength, and 
there has never been a country as rich as we are today and the 
challenge to us to undertake sending humans to Mars today of all 
its risks is actually of a lower order than the challenge was to send 
humans to the Moon in the 1960’s when we had to start from 
scratch. So we can do it. The popular will is there. 

What we need is some political leadership. And what I was say- 
ing, when I said tell NASA to do phase A, I meant that. I did not 
mean tell NASA to come up with their vision statement for the 
first decade in the 21st century because they will tell people what- 
ever they think someone wants to hear or whatever. I mean for 
Congress to tell NASA, I want you to come up with a plan, a low 
cost plan to have humans on Mars within 10 years, and I want you 
to be able to submit that to the President-elect in November 2000, 
and do it. 

In other words, the marching orders really have to come from the 
politicians. The Apollo Program did not come from NASA. It came 
from Kennedy, and, similarly, getting humans to Mars is not going 
to come from NASA. It has to come from you, and so it is nec- 
essary, and obviously there are people higher ranking than indi- 
vidual Congressmen or Committee chairman or so forth that have 
to be brought in, and in the executive branch as well, but this is 
what needs to be put together. 

A piece of political engineering has to be put together and I be- 
lieve that since nobody knows who is going to be President in No- 
vember 2000, that — whether it is going to be a Democrat or Repub- 
lican or which particular individual it is going to be, I think an 
agreement now, to put that in motion, to give that person, whoever 
he is and whichever party he is, the option to undertake that step 
could conceivably have bipartisan support, in a way it could not, 
after that has been decided, so that is what I think we need to do. 

Mr. Weldon. Well, I just have a few followup questions I would 
like to direct, and, actually, they are specifically to you. Dr. Zurbin. 
One of the big questions that is always asked is why don’t we send 
robots to Mars instead of people to Mars? Can you just tell us how 
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you answer that question? I am sure you get asked that question 
as well. 

Mr. ZuBRiN. Sure. There are two answers to that. Of course, this 
came up a great deal after the discovery of the Mars rocks with evi- 
dence of life in them last summer, OK. And don’t get me wrong, 
I do not oppose sending robots to Mars. In fact, I think the current 
sending of robots to Mars is the most productive thing NASA is 
doing at the moment. However, it is not enough. 

First of all, obviously the robots are not settling Mars, they are 
just there to do scientific work, and if we are looking for evidence 
of life on Mars, if we are fossil hunting on Mars, which is what the 
mission is, look at what you have to do to do fossil hunting on 
Earth. You have to hike long distances through unimproved ter- 
rain, you have to be able to climb up steep hillsides. You have to 
be able to do heavy work like pick-ax work and digging. You have 
to be able to do delicate work, pealing open fossil shells, which are 
like books made of rock which have to be carefully split open to see 
the evidence that has been pasted inside. 

You have to exercise very subtle forms of perception and intui- 
tion. This is all far beyond the capability of robotic rovers. You can- 
not hunt for fossils with toy cars. If you took a rover, like the one 
they are landing on Mars this summer, the Sojourner rover, which 
is like a toy car with wheels 6 inches in diameter, it cannot climb 
over a rock 1 foot high. It cannot get out of sight of the lander and 
it has no manipulative abilities. 

If you landed one of them in the Rockies — if you landed 100 of 
them in the Rockies, you would never find a dinosaur fossil, despite 
the fact that the Rockies are bound in dinosaur fossils. If we are 
going to get the answer to whether there was life on Mars and also 
to determine to any realistic effect as to how far it evolved, we are 
going to have to send real life human explorers, real live rock 
hounds. But what is more to the point is, if we understand that 
Mars is not just an object of scientific inquiry, it is a world, a world 
with all the resources required to create a new branch of human 
civilization, that can only be tackled by humans. 

Mr. Carpenter. Mr. Chairman, may I overstep my limits as a 
member of the defunct committee to get a defunct panel to give an 
answer to your question? It came from Tom Stafford a long time 
ago, Tom Stafford of Apollo. He made note of the fact that in order 
to have a meaningful and vigorous space program, we must enlist 
the support of the people of this Nation, and he said who gives a 
parade for a robot? 

Mr. Weldon. Good point. Thank you very much. 

Let me ask Dr. Lewis a question regarding Dr. Zurbin’s proposal 
to put a nuclear reactor on Mars? Occasionally, on the Space Coast, 
we launch probes and satellites that have nuclear reactors on them 
and there is always a pretty high degree of concern. I would think 
the type of reactor Dr. Zurbin would be talking about launching 
would be something a little bit larger. You express some real con- 
cerns about the environment and protecting the environment. Do 
you have a problem with putting nuclear reactors in space, launch- 
ing them from the Cape, sending them to Mars? 

Mr. Lewis. Launching a live, fully fueled nuclear reactor is folly, 
but there is no necessity to do that. A nuclear reactor can be 
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launched without its fuel rods inserted. In fact, it can he launched 
in a completely inert configuration, and protected in such a way 
that even if the booster would fail, when it reentered the atmos- 
phere, it would do so intact. 

I should point out, however, that if environmental considerations 
prevented from launching a reactor, you could still achieve the 
goals of this mission with a rather different design using solar 
power. 

Solar power can be used on Mars. You need to be cognizant of 
the existence of dust storms, and you need to allow for cleaning off 
the solar cells, but you could do that if it were necessary. It seems 
unlikely to me that the people who design Mars missions are going 
to have the final word on whether it is nuclear powered or not. 

Mr. Weldon. Do you have any rebuttal to some of those com- 
ments he made? 

Mr. ZuBRiN. Well, first of all, if you take a nuclear reactor that 
has never been used, it has a much lower radioactive inventory 
than the RTG’s that we have launched from the Cape already, such 
as the one on Galileo or Voyager. So, if you have the control rods 
in there and locked into place, it cannot go critical. In fact, while 
I am sure that there will be various activist groups that will dem- 
onstrate and go to court and whatever to oppose the launching of 
a nuclear reactor from Florida, the rational grounds behind their 
complaint are actually of a lower order than the very limited basis 
for their objections to the launching of the RTG. 

The use of solar power on Mars is possible, I don’t dispute that. 
It does add weight to the mission. It is true, as John says, that you 
could do a mission of the type that I described with solar power. 
However, it would increase the mass and the cost. 

Captain Cernan. Mr. Chairman, there is a precedence already 
set. Twenty-five years ago on Apollo 17 we carried a nuclear reac- 
tor. I personally fueled it on the surface of the Moon. It operated 
flawlessly and harmlessly for over 10 years, sending back informa- 
tion. It finally had to be shut down because of a cut in funding. 

Mr. Weldon. Thank you for sharing that. I want to thank each 
and every one of the panel members this morning for your very fas- 
cinating testimony. I realize that many of you had much, much 
more to share than you were capable of doing within the time con- 
straints, but we really do appreciate you coming, and the meeting 
now stands adjourned. 

[Whereupon, at 12:17 p.m., the subcommittee was adjourned.] 
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